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IITl'RODUCTORY REMARKS 



Dr . A . E . Berry , Genera 1 Manage r , 
Ontario 'Jater Resources Commission 



This conference was called by the Ontario Water Resources Com- 
mission to review those conditions associated with the grot<;th of 
algae of the 01adophora type, and the nuisances or objections re- 
sulting therefrom. An attempt will be made to cover the different 
aspects of this problem, to deal with causes, and to examine pos- 
siole remedial measures. 

Algae Problems 

Complaints about algae have been numerous during the past summer. 
They appear to be on the increase in recent years. Their effects 
are felt in several ways. Some kinds adversely affect domestic 
water supplies by creating tastes and by choking filters. Some are 
toxic under certain conditions to animals drinking the water. 
Others grow in great profusion where the environment is suitable and 
later decompose in shallow waters causing offensive odors and an 
eyesore along the beaches. In this conference it is proposed to 
deal only with this latter group, the type of blue-green algae knovm 
as eiadophora. 

This problem is not entirely a new one. It has been continuing 
on for many years, particularly along the eastern end of Lake Erie. 
Shoreline deposits occur each year, but the intensity of these is 
the variable factor. Recently the condition has worsened. Growths 
and shore deposits have appeared over extended areas. Complaints 
have been made that odors are so disagreeable that beach property 
cannot be utilized either for residential, recreational, or busi- 
ness purposes. Motels and camps are unable to attract guests in 
the."." areas. There has been confusion and exasperation on the part 
of the public. Different factors have been cited as responsible for 
this. Questions have been raised about its effect on public health. 
This situation, with its money ramifications, seemed to warrant the 
calling of this conference. 

Where Problems Found 

These nuisance conditions have been found in many places in 
Ontario, in densely inhabited areas, and in remote places. Special 
reference is made here to Lake Erie and Lake Ontario. In the for- 
mer these growths have been prevalent from the mouth of the Grand 
River to the Niagara River, but most prolific in the vicinity of 
Crystal Beach. Periodic objections have been made here for many 
years, but varying a good deal from year to year. In Lake Ontario 
the conditions of the past summer v;ere much worse than in previous 
years. Growths in nuisance proportions extended from Cobourg west 
to Toronto and Hamilton, and along the south shore to the Niagara 
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River. From Toronto to Hamilton the jjrowth was more or less con- 
tinuous. 

Nature of the Ueposlf.s 

The nature of these deposits along the shore has raised many 
questions in the minds of the public. The black color of the rotted 
algae and the offensive odors, described as "pig-pen", "sewage" etc. 
hnvo brought forth numerous inquiries from municipal officials, 
beach associations, and the public in general. They have found dif- 
ficulty in believing that this is anything but sewage solids, or if 
it is algae that it only be the result of pollution by sev;age. It 
is to answer these questions that this conference of interested per- 
sons was arranged. 

Numerous investigations have been made by the staff of the Oire.C 
and by others. Much information has been accumulated. Studies 
have been made on the causes of the growth and the nutrients in 
the water which stimulate this growth, and experiments have been 
made on control measures. Reference might be made to an extended 
study of causes and controls in Lake Sturgeon in the Lindsay area, 
as well as at other points. It is apparent that a wide fund of 
knowledge on this exists. It is also true that there is yet much 
to be done, especially on all those factors which tend to promote 
the growth, and on control measures. These controls may involve 
prevention of the growth or its destruction at regular intervals. 
It is to be remembered that this condition becomes objectionable 
only after the growth has advanced to considerable volume, is broken 
loose from its attachment, and is washed into shallow waters, where 
it dies and putrifies. While it is growing in the water in its 
typical green color, it causes little concern, but is much like 
grass gowing on land. 

This Conference 

This conference has as its objective an examination of several 
factors in this algae problem. A number of speakers will present 
technical information, others will discuss the effects created by 
this condition, and an attempt will be made to examine possible 
remedial measures, and who, if any, are responsible for this matter. 
There will be an opportunity for questions and comments from all 
who wish to participate. The hope of the Commission is that this 
subject can be fully explored, accurate information supplied, and 
conclusions reached on what should be done in the future. The 01-/RC 
is graceful to all who have been good enough to offer to take part 
in this conference. 
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NATURE OF GROWTH 



John H. Neil, Biologist 
Ontario Water Resources Commission 



Algae in General 

A.S a preface to my remarks on Cladophora, I would first like to 
make a few very general comments on the group of aquatic plants 
knovm as algae, so that you might have a better understanding of 
the particular plant which we are discussing today. Later in the 
program Dr. Harkness will give you a much better description of 
algae in general, and the role which they play in the economy of 
water. 

Firstly, all of the plants of the world are divided into three 
main groups and one of the three are the algae. This group is the 
roost primitive of all the plants having no true roots, leaves, cr 
seeds and most of the species are confined to an aquatic hnl^itatJ*, 
There are several hundred species which grow in the waters of 
Ontario and these range in size from a plant about four feet high 
down to organisms which may be just visible when magnified in a 
microscope 1,000 times. 

As algae are plants, their requirements to live are in mary ways 
similar to plants on land. Of prime importance to all plants is 
light as it is from this source that the energy necessary for the 
plant to grow aiid thrive is derived. Water is, of course, essential 
but aquatic algae are more fortunate than land plants as there is 
never a shortage of this. In addition to a source of energy and a 
place to live, certain foods are necessary to enable them to grow 
and multiply. The foods used by algae are dissolved in the water 
in minute quantities, so small in many cases that they are hardly 
detectible by the most careful and advanced analytical procedures 
which v^;e have available. From the water the plant extracts many 
chemicals or nutrients which are essential for growth, such as 
calcium, carbon, nitrogen, oxygen, phosphorous, copper, iron, 
silica and many others toe numerous to mention. It is from these 
building blocks using the energy of the sun that each individual 
cell grows, divides, and grows again. In most instances, sufficient 
of nutrient substances are available for an algae growth to take 
place vi/herever there is sunlight and water. 

Cladophora, Its Life History and Requirements 

The name Cladophora refers to several different species of this 
plant which grow in a variety of habitats. It appears, for in- 
stance, that in addition to the shoreline species which you are 
familiar with, other types grow in streams both clean and polluted 
and in deep water down to a depth of at least 150 feet if the water 
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is clear enough to permit the penetration of li^ht. 

The particular species of Cladophora which we are discussing is 
found along the shorelines of all the Great Lakes, abundant in some 
places and sparse in others. It is a branched algae which may 
grow to a length of about four feet. When examined xmder the micro- 
scope, it is seen to be composed of a single chain of very large 
cells connected end to end and blanched from time to time. At the 
base of this filament of cells is a specialized cell known as a 
hold-fast, by which the plant anchors itself to the bottom. This 
hold-fast in some species at least will maintain a living cell 
through the winter and will produce a new filament when suitable 
conditions for growth return. In addition to the hold-fast method 
of reproduccion, the plant produces spores which might be considered 
as seeds that are released to the water and will produce new plants 
if suitable conditions are found. 

The species of Cladophora commonly found along the shores of the 
Great Lakes has a number of specific requirements which must neces- 
sarily be fulfilled before this algae will grow. Firstly, in order 
to fasten itself to the bottom by means of the hold-fast which I 
described, it must have a permanent type of bottom, such as bedrock, 
boulders or large gravel. It does not grow in a sand or silt type 
bottom. A second requirement is moving waters. On the shores of the 
Great Lakes there is almost always some movement in the water down 
to the depth to which this species grows. In the smaller lakes such 
as the Muskokas or Kav^arthas, the water is in less constant motion 
and it is apparently for this reason that the Cladophora does not 
grow in abundance. A third requirement is the presence of plant 
foods in the water and it is the concentration of these nutrients 
that apparently controls the amount of Cladophora that v;ill grow 
when the other essential requirements are fvilfilled. There is also 
some evidence to indicate that clear water is necessary as it is 
not found where heavy silting occurs. 

Cladophora begins to grow in the spring when the water warms up, 
generally in May and June slowly at first but very rapidly when the 
water reaches summer temperatures. It continues to grow actively 
until the water becomes cold, but even then may survive into the 
winter as fresh concentrations have been noted along the shores at 
that time. 

The algae filaments are composed of a chain cf single cells lying 
end to end and branching freely. Because there is only a single 
chain of cells, the stem is much weaker than is found in other plants 
as they are made up of tough fibres joined together with adhesive 
materials. Should one cell in the filament die or should a stress 
be put on the plant due to wave action or mechanical damage, this 
filament will break off and when water currents are suitable, these 
strands will be picked up and carried to the shore. 

Once on the shore, the condition ir a familiar one. Varying 
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amounts of algae will be wauhed up on the beach, and may extend out 
into the water. If the algae is v;ashed high enough on the shore for 
the water to drain out, little or no odor is produced. The portion 
that lies in the shallow water is heated by the sun and in the high 
water temperature it rapidly turns black, looses its typical fila- 
mentous structure and produces the typical pig-pen odors. The odors 
thenselves develop from the anaerobic decomposition of the plant 
filaments which are rich in nitrogen, and contain some sulphurous 
compounds. The acio^int of algae which comes ashore will vary de- 
pending upon the extent of the growing beds, the amount of the 
algae present and severity of the wind which brings it ashore. The 
severity of the odor problem is not necessarily dependent upon the 
amount that has come ashore, but more on the amount of the algae 
that is lying in the water and decomposing. The worst problems 
occur in dead water areas such as behind wharfs or in amongst large 
boulders and shallow water. Here the waves have not been able to 
roll it up onto the shore and it cits in the shallow water until it 
has completely decomposed or has been washed away by subsequent 
blows, 

Tl^e amount of the algae growing in one square yard of bottom was 
sampled in the Oakville area last summer. The dry weight was found 
to be between one- third and one-half a pound per square yard, KHiile 
this does not sound much, it means that one ton or more per acre 
may be prodi;ced on suitable bottom. Analyses performed on samples 
of dried Cladophora last summer, showed that it v/as slightly ever 
two per cent nitrogen by weight which is about 50 per cent Kora 
than barnyard manure. One man in Oakville dug some of this material 
into test plots in his garden and when I saw it this summer there 
was no question as to which part had had the algae applied, as the 
plants were decidedly larger and greener than the ones in the un- 
treated plots. Perhaps we should be cultivating this plant instead 
of trying to get rid of it. 

The Cause of Excessive Growths 

As was mentioned before, Cladophora grows in all the Great Lakes 
but it is only in certain places that sufficient quantities develop 
to cause a nuisance. Where other conditions are favorable the amount 
of Cladophora which will grow in a given area is likely to be limited 
only by the availability of nutrients until such time as as suitable 
growing area is completely covered. The nutrient elements in water 
which are most likely to limit algae growths are nitrogen and 
phosphorous. It is the same situation as on your lawns, where if 
you apply plenty of fertilizer you will develop a thick lush growth. 
In the same way in water, fertility will promote a lush gro^^?th of 
algae. The nutrients in water come from a large store which is 
maintained in the lake and circulated year after year together with 
additions from land drainage^ sewage effluents, trade wastes, etc., 
Professor McLarty will have more to say on this subject. 

Because the growth cf Cladophora is conCinuouG in suitable areas 
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in this end cf Lake Ontario and the east end of Lake Erie, it is 
not possible to co-relate the growth of algae to any particular 
source. Apparently, the water along the shore is sufficiently rich 
in these areas to maintain a heavy growth. There are however, sev- 
eral instances in Lake Huron, and Georgian Bay v;here the effects of 
nutrients are well shown. In Lake Huron, below the towns of Port 
Elgin and Godcrich nuisance growths of this al[;ae occur along the 
shoreline tor a short distance below the sewer outfalls. In other 
parts of the lake where no obvious source of nutrients is available, 
small quantities of the algae grow on suitable beds. Last sununer, 
I visited an island in the middle of Georgian Bay that is many miles 
froffl the in-cinli-aiQ and umuahf^bitLftttr When I landed, the first thing 
I noticed was the heavy growths of Cladophora attached to the 
boulders along the shoreline. There was no apparent source of nu- 
trients which would promote this growth but on subsequent investi- 
gation it v;as found that the island was extensively used for nesting 
by gulls and it was apparently the nutrients leached from the bird 
droppings on the island that had supplied the fertility for this 
abundant growth. 

Why Cladopjiora Was a Problem Last Summer 

It is likely that a number of factors contributed to the increased 
quantities of Cladophora which grew in this end of Lake Ontario last 
summer, and to a lesser extent the summer before. Probably, the 
most important single factor has been the low level in Lake Ontario. 
Since Cladophora is limited to a depth of perhaps 1@ feet, 1^-gc 
shoal areas v'hich were previously unsuitable for growth because of 
the depth of water, are now suitable The reverse is true in certain 
parts of Lake Erie v/here in the high water years the algae was not- 
dbly worse then it is at present. Here the shallow water areas 
where quantities of algae previously grew is dry or nearly so. This 
has reduced the area of suitable bottom and much less algae has de- 
veloped. It seems likely that the quantities of nutrients being 
supplied to the lakes have increased during the past years. The use 
of commercial fertilizers in farming areas, the increasing urbaniza- 
tion along the lake and the rapid growth in the use of detergents 
have all probably combined to increase the supply cf plant foods, in 
the lake in general and along the shore in particular where shoreline 
currents carry along the concentrated plant foods. 

Conclusions 

The foregoing discussion has covered a number of factors which 
we knov; or suspect will control the growth of this algae. Much of 
this infsrraation is based on observations we have made and on con- 
clusions drawn from experience in dealing with other types of algae. 
There are, however, a number of specific questions whicfi require 
answers that will require a concentrated scientific study. For in- 
stance, with regard to nutrients we do not know what the critical 
concentrations of plant food are beyond which nuisance quantities 
of this algae develops, nor do we know whether it is one or more of 
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these nutrients that have promoted the development of Cladophora. 
More information is needed on the depths to which the algae will 
grow, its methods of reprod\iction and the cause of its release 
from the bottom. These are some of the basic scientific problems 
which require further study before a permanent and satisfactory 
method of control can be developed. 



- 8 - 
NUTRIE NT REQUIREMENTS 

Prof . D . A.,_ McLart^ 
Botany Dept., University of Western Ontario 



The early reference of Cusanus to plant nutrition, in 1450, re- 
cogniaed water only as essential to plant growth. In 1804, the 
discovery of photosynthesis included carbon dioxide as essential to 
growth and later in the 19th century, chemical studies of plant 
materials were begun v/hich have lead to the recognition today of 
about 14 mineral elecaents which are absolutely essential to 
the growth and development of all plants. 

Plants may be regarded as converters. If they are supplied with 
the essential mineral elements they can elaborate all of the com- 
pounds which go to make up their structure. It is quite easy, in 
the case of commercial plants, to determine precisely what chemicals, 
and in what amounts, will be required for the production of a given 
quantity of grain, fruit or other plant produce. Nitrogen, phospho- 
rus and potassium, used in larger amounts, are most commonly con- 
sidered in practical fertilizer programs. 

In a similar fashion the nutritional requirements of the Green 
Algae, to which Cladophora belongs, are basically well known. 
Given suitable physical conditions, such as light, temperature and 
aeration, and an adequate supply of essential chemical nutrients, 
normal growths of the alga may be expected in natural waters. Near 
my home, below a small dam on a spring-fed trout stream, a cushion 
of Cladophora is constantly present. 

Other conditions being satisfactorily supplied, excessively rich 
mineral nutrient content in the water, iap to a point at least, will 
promote excess growths of this and other algae. 

Sewage effluents, both industrial and domestic, may coiitribute 
mightily to the supply of available nutrients „ Staggering amounts 
of nitrogen, phosphorus and potassium are thus lost to society each 
year. At the same time run off from agricultural lands contributes 
measurably while in virgin territories there is a lesser but con- 
stant supply of soluble mineral substance to natural waters from the 
soil and bed rock surfaces concerned. 

With respect to sewage effluents, treatment is not a matter of 
concern in this connection. In all commonly used processes the 
minerals ultimately reach natural waters at the outfall from the 
system. The form in which they arrive and the time at which they 
will be available for the support of algal growth will vary but the 
ultimate result is the same. Mineral nutrinu" elements are not 
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cornmcnly removed. In fact, the more complete the sewage treatment 
the more immediately available are mineral components for the sup- 
port of algal growth. 

When coiitrol of excessive algal growth is considered attention 
is given immediately to sewage disposal systems not because they 
are the only factor in excessive mineralisation of natural waters 
but because they are the only sources of mineral which lend them- 
selves to any effective control whatever. Some control may be ex- 
ercised by reducing or eliaiinating the chemical elements normally 
discharged from sewage disposal plants. This can be done if the 
demand is great enough and indeed it is already being done in 
some municipalities. 

On a local basis, chemical control of excessive algal growth may 
produce some results and some new problems. 

Thinking purely in terms of attempting control by regulating 
nutritional factors, the process might be difficult. It would 
probably be a gradual process in view of accumulations of nutrient 
materials having to be slowly exhausted. Finally the reduction in 
dissolved mineral elements and of the associated algal production 
could, by this means, be reduced only to the level which might be 
regarded as normal for the location. 
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EXTENT OF POLLUl'ION IN THE AFFECTED AREA 



G. M. Galimbert 

Director, Sanitary Engineering, 
Ontario Water Resources Goininission. 



The problem created by the precence of algae in water is becoming 
a matter of major concern to municipalities on the shores of many 
lakes and rivers in Ontario. Several varieties have created con- 
siderable difficulty in the treatment of water but fortunately 
equipment is now available that can effectively eliminate such algae 
as it enters plants. Today, we are discussing another variety of 
algae, Cladophora, that has caused and may continue to cause objec- 
tionable conditions along the shores of many lakes, and in parti- 
cular, Erie and Ontario. The problem created by Cladophora is not 
easy to solve and the main hope is in the extensive research pro- 
grams that are being carried out in Canada and the United States on 
the elimination of nutrients that are suitable for food for this 
algae from sewage effluents and in the development of more effective 
algicides to be used at times of the year that will give the best 
results. 

Improvement of Sewage Treatment Plants is Not Entire Correction 

You will note that the improvement of sewage treatment plants is 
not held out as the cure-all* for the elimination of this algae. In 
fact, it must be categorically stated that if every sewage plant is 
improved so that it provides full secondary treatment, there is 
every possibility that the growth of this algae may even be more 
prolific. 

Increase in Nutrients Suitable for Plant Life in Sewage 

There has been a definite increase in the quantity of suitable 
plant food nutrients available in sewage due to the wide- spread in- 
crease in sales of a variety of synthetic detergents. Such nutrients 
are only partially eliminated by the existing types of secondary 
treatment plants and some proportion leaves the plant in its ori- 
ginal or in a partially degraded form through the effluent. From 
research, there is some indication that control of operations in a 
fully designed sewage plant can effect a greater removal but there 
has been no overall corrective method developed as yet. It is in- 
teresting to note that in the same period that has seen the increase 
in nutrients suitable for plant life arriving and passing through 
sewage plants, that algae of many types including Cladophora, have 
appeared in the lakes in quantities that have caused concern in the 
operation of water treatment plants and to shoreline municipalities 
due to offensive deposits of rotting algae. 
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Algae or Sewage? 

There have been differences of opinion as to whether deposits 
along shores arc algae or are sewage. In fact, like the old riddle 
of "which came first, the chicken or the egg" there has now been 
added another, "which came first, the algae or the sewage." No 
doubt, offensive odors that emanate from rotting al3ae along a shore- 
line can readily prove convincing to the inexperienced that it is 
sewage. Yet, this algae is found at many places along lakes or 
rivers where no sewage discharges are in close proximity. It is 
also true that gross discharges of relatively raw sewage can be made 
without algae development in quantity, whereas prolific growths can 
be present in areas close to discharges from excellent sewage dis- 
posal plants turning out good effluents. A comparison is readily 
afforded by the sewage plants of the City of Hamilton and the Town- 
ship of Trafalgar. In the first instance, the discharge of about 
fifty million gallons of raw sewage with only a raiuimum of treatment 
is made daily to Hamilton Bay and there are reports of gross bac- 
terial pollution but no prolific algae development. Trafalgar 
Township, on the other hand, has an excellent plant discharging a 
good effluent and there is little bacterial pollution near their 
outfall but still there has been development of prolific growths of 
algae. Certain conditions for the development of this algae are 
therefore necessary beyond the presence of sewage. 

Ideal Location for Developipent: of Cladophora 

The ideal location for the development of offensive coiiditions 
caused by Cladophora is a shallow, rocky shoreline, open to wave 
action and in relatively close proximity to a sewage effluent that 
will provide the nutrients suitable for plant growth. The fact that 
the sewage plant is operating efficiently may readily increase the 
adverse algae conditions. There are many such ideal locations for 
the growth of Cladophora on Lakes Erie ai\d Ontario but it is doubt- 
ful that any is better than the one that exists just east of 
Crystal Beach on Lake Erie. Conditions have been unsatisfactory in 
that area for many years and many attempts have been made to elimi- 
nate the algae by the use of algicides and by improvement of the 
sewage treatment but without success. Other trouble spots cf major 
importance exist along the shorelines cf Lake Ontario between the 
Humber River and the Etobicoke Creek and in the Clarkson-Cakville- 
Trafalgar area but sporadic deposits can be found almost everywhere 
along the shore. 

Hajf or Improvement Taking Place in Sewage Treatment 

Major programs are in progress or under consideration for improved 
sewage disposal facilities by municipalities along the shores of Lake 
Erie, the Niagara River and Lake Ontario. In the forefront is Metro 
Toronto with its present program of conversion from primary to 
secondary treatment for an estimated discharge of 135 million galloiis 
a day. Such a program will take several years to complete but will 
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eventually mean a vastly Improved water In the lake from a bacterial 
standpoint all the way through Metro Toronto including the area in 
which algae growths are not so prolific between the IKunber River 
and the Etobicoke Creek. Increased residential and industrial de- 
mands in several municipalities now require either the extension cf 
the present installations or the provision of new treatment plants. 
Municipalities in that classification include Grimsby, Beamsville, 
Burlington, Oakville, Whitby, Cobourg and Bowmanville. In each in- 
stance either an extension or treatmei\t in a second plant is planned. 
New sewage treatment plants or major extensions to the existing 
facilities are required at Port Dover, Crystal Beach, Niagara Falls, 
Niagara, Hamilton, Toronto Township, Trenton and Belleville. These 
municipalities have either no sewage treatment whatsoever or instal- 
lations that are definitely inadequate at the present time. Toronto 
Township is placed on this list but it must be indicated that in 
the very near future it will be installing a modem plant to replace 
its temporary set-up to take the sewage, not only from Toronto Town- 
ship but also the overload from the Long Branch plant of Metro. In 
all the other municipalities indicated, definite studies are being 
made at the present time and plans are being prepared for the in- 
stallation of treatment. 

V ast Improvement in Sewage Treatment Can 3e Expected 

It can be stated that there is every evidence that a vast improve- 
ment in sewage treatment can be expected along the shores of Lakes 
Erie and Ontario, The question immediately arises, "IVhat effect 
will this have on the algae conditions?" My candid answer is that 
it will have little, as far as the algae growths in the lake are con- 
cerned. The effects of sewage discharge to the lake, even though 
properly treated, will still be felt. Depending on the wind current, 
effluents will travel and reach a wide area. An on-shore breeze 
will still bring the treated sewage v-zith its food nutrients to the 
fields in which the Cladophora is prolific. If better methods are 
not found to eliminate nutrients suitable for plant food from sewage 
or more effective algicides are not developed, there still will be 
prolific growths of algae. They will continue to break off with 
wave action and deposit and rot on the shore. The only other alter- 
native would be a tremendous cut-back in the sale of products that 
introduce nutrients to sewage which modern treatment does not elimi- 
nate or degrade. One of the main hopes for the solution of this 
particular problem, the elimination of algae, is not the provision 
of secondary treatment at sewage plants but that research will find 
a solution to a more effective elimination of food nutrients suitable 
for plant life and the development of a more effective aglicideSc 
The provision of secondary treatment plants docs remain a prime re- 
quisite in the overall clean-up of the lake waters even though it 
is net the solution as far as this algae condition is concerned. 
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Fj'F^CjrS_OF_pKTeRG ENTS ON N UTR1I:MT gl^jM^Klj^ 

A. V. DeLap o nc 

Director, Laboratories 6t Research, 
Ontario Jater Pvesources Comuiission 

Vegetation, both macro and micro, lias very definite nutritional 
requirements. The three basic needs arc nitrogen, potassium and 
phosphorus. 

Doctor Clair N. Sawyer stated at a meeting of the New England 
Water Works Association (November, 1951) 

"The biological problems most prevalent in lakes are a result of 
prolific weed growths in littoral areas or of algal blooming. In 
the first case the nuisance is due largely to interference with re- 
creational activities, such as, boating and bathing; in the second 
case, it is a result of obnoxious tastes and odors carried in the 
water or generation of aerial odors of such Intensity and repugnant 
character as to materially influence shoreline laud usage. 

"Lakes vary greatly in their productivity of algal blooms and 
areas of rooted vegetation. Of late years, much evidence has accu- 
mulated to confirm the beliefe that inorganic and organic fertilizers 
containing nitrogen and phoaphoi-as are the major factors influencing 
the extent of such growths. 

"Liebig's I^w of the Minimum, shows that the variation in pro- 
ductivity of land areas is most often determined by limitations im- 
posed by a lack of some nutritional element. It is reasonable to 
assume that micro and macro aquatic plants respond to the same 
factor." 

From all the evidence, it appears that phosphorus is the i,timu- 
lant for their growth. The increased phosphorus content of the 
waters of some of our rivers and lakes is believed to have a direct 
relationship to the increase in the frequency and intensity of algal 
blooms. A few decades ago the determination of phosphorus in sewage 
or sewage effluents was seldom done as a routine. The phosphorus 
did not enter into the treatment processes, nor was it removed by 
them. Incidentally, the methods of analyses left something to be 
desired in accuracy when dealing with a :wo part per million or less, 
(Sawyer gives 2 to 4 ppm) , The entire picture has changed today. 
The phosphcrus content of sanitary sewa,;j has increased in some in- 
stances to 100 parts per million or more. This increase in phos- 
phurus in our wastes is attributed to tl r. increase in the use of 
synthetic detergents, most of which cont£:n phosphates. 

Assistant Surgeon General, Mark Holli* , of the United States 
Public Health Service, states in a recent publication that, "use of 
detergents has grown by 2 billion pounds in tlie last seven years". 
In the United Kingdom the consumption of furface active material 
•'detergents) increased from 23,600,000 in 1949 to 90,200,000 pounds 
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in 1956. The best figure 1 can get for Canada is 138,156,180 pounds 
used in 1955. This tremendous expansion in the use of surface active 
material has created many knotty probelms, foairing in water supply, 
in sewage treatment, pollution of wells by detergents via septic 
tanks. Solutions for these problems are not simple and can prove 
costly. 

Numerotis investigations into means of removing phosphorus from ' 
sewage have been reported. Willem Rudolfs reported (Sewage Works 
Journal, January, 1947), the removal of phosphate by coagulation with 
lime to be quite effective. The data from studies of the Sedgwick 
Memorial laboratories, indicate that the total soluble phosphate con- 
tent can be reduced to about 0.5 ppro by lime treatment. The studies 
showed that ferric chloride and alum are also highly effective in 
removing all forms of phosphate. Gav/yer, in a paper (Sevjage Works 
Journal, LJeptember, 1944) demonstrated that phosphorus can be re- 
moved by sewage by the Activated Sludge process, provided the B.O.D., 
pfakTSphor-js , ratio is properly adjusted, but concludes that the 
method is not practical as it involved feeding carbonacious matter 
to maintain the B.O.D. phosphorus balance. 

An attempt to prevent the algal blooms by removal of the phos- 
pln>rus from the effluent of the Lindsay sewage treatment plant, in- 
dicated that under the geographical conditions prevailing there, 
that the blooms could be controlled by removal of a large portion of 
the pViosphorus being discharged into the lake. Alimi and activated 
silicon were the chemicals used to precipitate the phosphorus in 
the sewage treatment plant. About 90 percent of the phosphorus in 
the raw sewage was precipitated. The experiment was too short to be 
entirely concliisive. It seemed apparent that lowering the phosphate 
input into a body of water would lower the frequency of algal 
blooms, and would lessen their severity. 

The ansv;ers to the problem of foaming seems to be the elimination 
of the foaming compound in the detergents. The manufacturers are 
loathe to do this, not because the foaming agent helps the cleansing 
action, but because the housewives accustomed to soap seem to like 
the foam. 

In case it would seem that detergents are the only source of phos- 
phorus in the sewers, I would call attention to the use of a number 
of new synthetic organics v;hich contain phosphorus. Parathiou and 
Malathion are pesticides in common agricultural and garden use. 
Malathicn is probably the most efficient fly killer in common use. 
The increased use of super phosphates by farmers has been signifi- 
cant. An extreme example of how an agricultural use can pollute a 
stream occurred in Georgia. An area of land, planted in cotton was 
sprayed to control the cotton ball weevil. The cpray used was toxic. 
This destroyed all the animal life in the stream for several miles. 
This section of the stremn, according to reports, remained barren 
for several years, due to the residual toxicity in the bottom de- 
posits. 
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Before the last war, an area in Lake Erie (infested with Clndophora) 
was sprayed with a copper sulfate solution. The algae were killed, 
wave action piled the dead algae on the shore with a result that is 
familiar to many residents along the north shore of Lake Ontario. 
The water area did not remain free from Cladophora. In a compara- 
tively short time the growth was a profuse as ever. A study using 
synthetic organic algicides has been undertaken. At Sturgeon Lake, 
a nori*^ toxic organic fungicide was used with some success. Further 
studies arc contemplated. It v/ould seem, hov;ever, that adequate 
control would require several applications of the algicides a year. 

Summary ; 

(1) It is evident that in accordance with Liebig's Law of the 
Minimum, removal of phosphates from a water appears to be a success- 
ful method of limiting algal growth. 

(2) Control by algicides is possible, but the cost might be pro- 
hibitive. 
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PUBLIC HEALTH ASPECTS 



Dr. C. C. Stewart, M.O.H. 
Oshawa, Ontario 



With the steady increase in the amount of Algae Cladophora ap- 
pearing aloag the Oshawa w&tei-front in recent months and years, 
there have been an increasing number of complaints reaching the City 
Council, the City Engineering Department, and the City Health De- 
partment from the citizens residing along the lakefronU. The people 
invariably complain of the intensely unpleasant odor of the decom- 
posing algae. 

The staff of the Local Board of Health can only explain to the 
complainants that neither the algae nor the odor constitute a danger 
to health and that the problem, therefore, is not one that falls 
within the scope of the City Health Department. 

The Engineer in charge of the City Water Purification Plant in- 
forms me that at certain periods the algae tends to block the screens, 
and in the settling basins imparts some taste and odcr to the water. 
These situations are corrected by periodic cleansing of the screens, 
and by treating the water with activated carbon which is removed in 
the process of normal filtration. Although it necessitates two extra 
simple procedures at the plant, the algae does not affect the quality 
of the city water supply. Further, since it is a marine growth that 
does not develop d^igerous micro-organisms, the algae cannot be con- 
sidered, from the medical point of view, as affecting the safety of 
the untreated lake water. 

In short, then, although in its decomposing state Algae Cladophora 
produces an almost intolerable and most undesirable odor, it does not 
constitute a danger to health, and therefore as a problem falls out- 
side the scope of the Local Board of Health, 
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THE PLACK OF ALGAE IN NATURE 



Dr. H.J.K. Harkness 

Chief, Division of Fish & vnidlife 
Dept. Lands and Forests 



Algae is present in abundance in all natural waters. It consists 
for the most part of countless millions of microscopic plants 
floating about freely in the water. Some species grow in the form 
of groups or colonies which can be seen quite readily with the naked 
eye. There are a few filamentous species which form the so-called 
pond sci-im or frog spittle, and even some larger forms of algae such 
as the Cladophora are attached and have superficial resemblance to 
land plants. 

These algae, then, constitute the plants of the water correspond- 
ing to the meadows and forests of the land. Like the leaves of land 
plants they contain the green-colored chlorophyll and can live only 
in the sunlight, so that 90 per cent of them are found xn the 
upper 30 feet of water. In sunlight they use up the carbon 
dioxide and release oxygen, thus purifying water by this photosyn- 
t he tic action. 

Algae is absolutely essential to life in the water. It is the 
pasturage of the water just as the meadows and forests are the pas- 
turage for land living herbivores and browsers. In so far as it 
fontss the basic food, many fish feed on it directly while other 
fish are dependent upon the hosts of aquatic animals, both large and 
small, which in turn are dependent upon it for food. Its oxygen- 
producing activities make it possible for fish to live in our waters. 

Algae varies in abundance, with blooms occurring in our lakes in 
the spring and fall. These blooms occur in the spring and fall, as 
these are the seasons when the waters of our lakes are at the same 
temperature from top to bottom and when, as the result of spring 
and fall gales, they undergo the tuim-over which brings bottom waters 
to the surface. 

These bottom waters which have been far below the area of algae 
growth have accumulated a high concentration of nutritive substances. 
l-Zhen these fertilizing substances come to the surface, there is a 
great stimulation of algae growth resulting in the seasonal blooms. 

This is a typical example, of which there are many, demonstrating 
the natural stimulating effects of nutritional substances or ferti- 
lizers on algae growth. 

River waters flowing into a lake arc rich in nutrients which they 
have dissolved from the soils of the dr linage basin, ^/hen these 
waters flow into shallow bays such as v.xe Bay of Quinte, Long Point, 
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and Hutnber Boy, there is a notable stimulation of aigae growth. 
This, in turn, results in a very marked increase in fish production 
dependent nnd attributable to the algae growth. 

There are many examples where special sources of nutrients or 
fertilizers stimulate algae growth. 

Among organic substances we have the condition produced by the 
natural death of fish, as for example the salmon of British Columbia 
streams which die after spawning, or the man-made condition of sewage 
effluents or drainage from fields after application of barnyard 
manure . 

Among chemical substances we have the phosphates resulting from 
the use of detergents or again the run-off from fields treated with 
chemical fertilizers. 

The natural or artificial conditions stimulating algae growth may 
cause blooms which create serious nuisances, and such nuisances may 
be caused by clean water algae such as Cladophora growing under con- 
ditions which are not harmful or detrimental to the normal life of 
the water but only to some particular phase of human interest or 
activity. 

Among the open water free floating types of algae there may be 
such an increase in numbers that they plug water intake filters and 
create other water treatment problems. Certain forms of toxic, 
malodorous or taste-producing algae which are innocuous in normal 
numbers may be stimulated to such excessive numbers under certain 
conditions that they create a nuisance. 

It is easy to see that just as we have weeds such as daisies and 
sow-thistles in the farmers' meadows or undesirable weed trees in 
the forests, we can have similar weed conditions with algae, brought 
about by the excessive, production of undesirable species in trouble- 
some numbers which produce real problems for water users - whether 
the water is being used for domestic purposes or in its natural con- 
dition along shores for aesthetic purposes of recreation such as 
bathing, swimming and angling. 

In dealing with the algae problem we are confronted with a 
natural situation which has been modified by human intervention very 
similar indeed to the conditions with which the farmers or other 
land-use managers are confronted. 
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THE USE OF ALGICT.de 3 



John H. Neil, Blf^logtst 
Ontario Water ResGurces Commission 

What are Algicides 

Algicides are chemicals which are put in water specifically to 
kill algae just as insecticides are used to kill insects. Because 
of the limited potential market for these chemicals the larger 
pesticide manufacturers have not devoted much research to their de- 
velopment. Consequently the algicides which are available are those 
which have been used for many years er are chemicals which have been 
developed for other uses and were accidentally found to have an ai- 
gicidal action. 

C(rnsiderations in the Use of Chemicals 

In order for an algicide to be suitable for use in a surface water 
there are several factors which roust be considered. Firstly, it 
must be safe to use from the standpoint of human and anim.al consump- 
tion and must be non toxic to fish and other aquatic animals at the 
concentrations applied. Secondly, it must not interfere with other 
water uses such as drinking water for municipal use or irrigation 
of crops. Thirdly, it must not be too expensive for general use. 

With respect to the consideration of safety, one of the most 
effective chemicals is sodium arsenite. When applied carefully and 
in the correct amounts it will work very well but it is an arsenical 
and constitutes a hazard to the sprayer and there is always the 
possibility of concentrated pockets thau could cause poisoning to 
humans or animals and for this reason is not recommended. Several 
other complex chemicals have been shown to be effective in killing 
algae of a similar type but they are toxic to fish and other aquatic 
Mfe in the concentrations necessary to kill the algae and for this 
reason are unsuitable. 

There have been a number of herbicides for land use come (?n the 
market recently which will also work in water. These, however, have 
a phenolic base. When waters containing phenol are chlorinated for 
municipal use Chlorophenols are developed which produces an objec- 
tionable tase in extremely small dilutions (five parts per billion) 
much below the concentration necessary to kill algae. Thus phenolic 
base chemicals can net be used. 

Certain other algicides that are used for treating swimming pools 
are effective but the cost of us^ng them is prohibitive. 

Discussion 

The foregoing considerations le^fv^ only a few subotauccs that 
appear promising. So far as is known now copper sulphate or blue 
stone offers some hope but more work is required to determine the 
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correct concentrations, the best method of applicaticn, the best 
tiroes of application and the length of time before regenerntion. 
Similar information will have to be obtained for other promising 
algicides. 

Very recently a new substance was reported in biological literature 
as being effective in controlling Cladophora but information has not 
yet been obtained on chemical composition, price, etc. If it ap- 
pears suitable it will be field tested. 

There are a number of possibilities whereby the cost of appli- 
cation might be reduced tliat require further investigation. For in- 
stance, this algae grows attached to the bottom so that if the 
chemical could be applied in such a way that the material is con- 
centrated in the bottom foot or so of water it vi/ould save the cost 
of treating the whole voluae of water over the beds. There is also 
the possibility of combining the chemicals in such a way that it 
dissolves slowly thereby exerting a control for a longer period of 
time. This may be imptjrtant if it is found that the algae after kill 
regrows quickly. 

As may be seen, there are a number of problems connected with the 
use of algicides. Further information is needed to determine whether 
chemical control using algicides which do not interfere with other 
uses of water is economically possible. 

When consideration is given to the control of Cladophora by a 
chemical means it is necessary to bear in mind che scope of the pro- 
blem. Here we are considering an irregular band of vegetation ex- 
tending various distances into the lake more or less continuously for 
30 miles batvhien Kamilton aitd Torotrto OKui for another 10 or 15 
itfiles aii^mg the north shore at the eastdcn end of Icike Erie, 
The cost of treating such large areas even with a suitable algicide 
will be quite expensive and for this reasen the possibility of 
natural control by the limiting of nutrients or other factors in- 
fluencing growth should be investigated. 
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THE MUI-IICIPALTTIF.S' VIEWPOINT 

Mrs. Harie Curtis 
Reeve, Village of Long Branch 

Mr, Chairman, ladies and gentlemen: 

I have listened with a great deal of respect to the expert people 
today on this panel. They have told us about all the causes and all 
the effects of algae, but I sense, as I look out into this group of 
citizens assembled here today from all areas of Lake Ontario and Lake 
Erie, a look of despair. It is all very well when one lives removed 
from it, but when you live right on it or a block or two close to it, 
it is a pretty grim situation. 

I would like to say that I guess pollution of the Lake 20 years 
ago started me on my wild career because it was pollution of the Lake 
out at Long Branch that really got me interested in municipal life. 
At that time we were completely by ourselves, a little village which 
simply did not have the money at that time to increase the facilities 
of our disposal plant. This was widely known, but through a lot of 
pressure, might I say, the capacity of the disposal plant at Long 
Branch was increased. Then the need for even greater capacity became 
apparent again. I think one of the reasons we have a metropolitan 
form of government is to take care of those areas such as ours, where 
the essential services were being neglected because of lack of funds. 
We who were in the arena knew full well that Long Branch did not have 
the capital requirements to go ahead and build a larger disposal 
plant together with all the other essential services that were needed 
in the community. 

I would say that Long Branch's disposal plant is not as over- 
crowded as it was due to the fact that Etobicoke's sewage which was 
coming dovm in several mains to our plant, is now being treated by 
one of their own but nevertheless, Long Branch is pretty well at 
capacity right now and the need is there for a new one. 

Now, Metropolitan Toronto, which has been reported here to have 
made great advances in the way of a new disposal plant, has not gone 
far enough yet. I don't need to tell the audience, nor the learned 
gentlemen here, of the great need for further disposal plants. But 
when I take it up with Metro, and ask why don't they spend the money 
for disposal plants, one of the things that Metro is set up for, they 
say they are making great progress, and they are, but they claim they 
can clean up all Metro waters, but what about the rest of Ontario 
that is polluted. I think you heard of another large city here today 
that is dumping raw sewage right into the bay, yet strangely enough 
they are not receiving this terrible condition on their sboreo that 
the people of the lakeshore and parts of Lake Erie and down around 
Oshawa are. It is hard to explain to your people- -we who are the 
whipping boys they can get at--that the algae problem isn't caused 
directly by one municipality's sewage plant, and that all the disposal 
isn't going from one place directly into their back yard, because 
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they cannot conceive that it has come across a lake or anything else. 
Now, I have not said that the Long Branch plant didn't put anything 
out into the lake, because I know it has been doing that for the 20 
years as I have just related to you, 

I maintain that, as well as the engineering report here about 
the need for research, one of the reasoris the Ontario Water Rcsouxxes 
Commission was set up was to make it an independent body to do just 
these things, I know they have it in the Act, that irrespective of 
any other Act, it has the power to see that we have proper disposal 
plants in Ontario, and while it is a new body--I know you can't change 
the world or a situation in a year — I feel that out of this conference 
we, who represent municipalities, would like to go back home feeling 
that here in this area while sewage is not directly responsible for 
algae conditions, it is helping indirectly to grow it like the fer- 
tilizers wc hear about. It is coming up on our beach land and it is 
hard to tell the citizens who have it at their back door that this is 
not injurious to health, because families in my community have told 
roe that they have not even been able to eat at home at times because 
of the odor. The children would become sick. VJhile you couldn't say 
that it was directly bad for health, nevertheless, indirectly it is 
a terrible condition on our shores, 

I am very pleased with the Ontario Water Resources Commission for 
calling this group together, and I am very pleased with those who 
took time out to come down here today to show the Ontario vi/ater 
Resources Commission and their experts that this is a serious problem 
facing you people. I know they are no different than anyone else in 
office-- thsy have to know the feeling of the people. I often say 1 
have to have you at my back in order to do things and I think they 
have to have us at their back to do this. 

Metropolitan Toronto, where I come from, is going ahead on these 
things, but not fast enough to my way of thinking. They are spending 
money on other things which I won t mention today, but nevertheless 
I take it that this group has decided the whole of Lake Ontario 
should be cleaned up and the Government has given them the power. I 
sincerely feel that cleaning up the lake will do something, along 
with the research, which, as the engineer pointed out to us here, is 
being made. Maybe we ought to, the municipalities in particular, give 
some more money to this research, so they can, aside from the pol- 
lution angle of the disposal plants, do some research to overcome 
this algae condition so that our lake shores will be free again. I 
had people. Dr. Berry, who couldn't even get their boats out this 
summer. It was really getting serious, but now its gone. Some people 
have forgotten the smell already, but next summer is coming and the 
people are desirous of action to prevent its return. I thank you for 
inviting me, and 1 hope and sincerely pray that we arrive at a solu* 
tlon and that the lakes are cleared of pollution and other matters. 
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Mr. J,C. Saddirtgton 

Deputy Reeve, Port Credit, and chairman 

of an association of Lakeshore municipalities, 

interested in the problem, 

(NOTE: In the interval between the meeting 
and publication of this report, Mr. 
Saddington was elected Reeve of Port Credit, 
by acclamation.) 

Mr. Chairman, ladies and gentlemen, I think my first words should 
be words of thanks to the Ontario Water Resources Commission for in- 
viting us here today, to hear of our problems with algae. We in 
the municipalities can't fight this problem alone. We haven't the 
funds for research, we haven't got the organization and yet the pro- 
blem is right on our doorstep. Iv'e, in Port Credit this summer, found 
ourselves particularly helpless when we had ratepayers question us 
about algae and pollution, because I don't think of algae alone, I 
think of pollution, oil, sewage and all the rest of the corruption 
that is icj the lake. 

We in Port Credit this year felt that this wasn't a problem of 
this year, it wasn't a problem of next year, but as this area along 
the lake develops this question of clear waters is going to become 
more and more aggravated and it is a problem which will require con- 
tinual attention and work. As a result of that. Port Credit invited 
24 municipalities along Lake Ontario, from Ccbourg to Hamilton, to 
visit us in Port Credit, with a view to forming an association this 
fall. We had 12 municipalities represented and an organization was 
f sfimicd. 

The reason for that organization, I believe, is probably three- 
fold. One is that as a body dealing with the Ontario Water Resources 
Commission we can keep it informed of the pulse of the people; se- 
condly we can be kept infonned as a body, more easily than as indi- 
vidual municipalities. Our experience has been that acting by our- 
selves we probably write a letter about it to the higher level of 
government and we get a reply, but that is not enough. The ratepayer 
is not interested in that and he feels that we should go further. 
The third purpose of the association is to develop, in such a way 
that we can co-operate with the Ontario Water Resources Commission 
and any ether government departments, with a view to assisting them 
in bringing about whatever is required to fight this question of 
pollution. 

We, as municipalities, realise that probably the first places we 
have to attack are our own doorsteps. I think we are prepared to do 
that. We may not be able to correct the situation immediately we 
see the trouble there, but at least we can recognize in the midst of 
ourselves that v;e have troubles. We are also closer to industries 
within our municipalities, much closer than the higher levels and 
with direction from the Ontario Water Resources Commission and co- 
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operation between the two bodies, we feel we can help thera accomplish 
some progress towards abating this problem . That is about all I have 
to say. 

This organization I speak of is in the baby stage and we have had 
only one organizational meeting yet, but you are to hear oiore about 
it in the very near future and as presently constituted, we welcome 
any municipality that borders on Lake Ontario to join us. I might 
just close by — this has got nothing to do with pollution, but it has 
to do with the taste of water--tclling you about what I think is a 
little hunouious incident that happened this week» We had a council 
meeting on Monday night and the Reeve happened to mention that one 
of the ratepayer whiskey drinkers phoned him and said that he couldn't 
drink his whiskey because of the tasCe of the water. I don't know 
what radio station it went over, but I am told it went over one of 
them, and yesterday ooming the Reeve got a telegram from St. Louis, 
Mo,, from Passo's and it said"-send your whiskey drinkers down to us, 
we have good water and we need the business. 
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OUESTION- AND- \NSWER SUM!:ARY 



Some of the answers brout:,ht out during the questioii-aad-answer 
period which followed presentation of papers: 

Algae Cladophora is not toxic--it is not a public health menace-- 
but it is most unattractive and emits an odor when dccocipo£ir»g--a 
nor--to:5cic odor. 

The term "pollution" should not be confused with algae growth 
itself. 

Despite the fact that sewage, both raw and treated, reaches Lake 
Ontario, water supplies taken from the lake are of high quality be- 
cause of dilutiori, effective operation of filtration plants and the 
use of chlorine. 

Growth of algae in the Great Lakes is not confined to Canadian 
shores only--it is an international problem. 

Among factors in successful growth of algae are aeration created 
by agitation of the water and certain types of rock formation. 

So far, the best way to get rid of algae is to rake it up. 

As far as is known there is no relationship between the facts that 
at Port Dalhousie in svinimers v;hen there is no algae, dead fish arc 
washed up on to the shore. Similarly, when there are no dead fish 
there is algae growth. 

Small algae-bred flies, which have caused some distress in Sfrae 
lake shore communities, are harmless as long as they confint-. their 
activities to algae itself which, under normal circumstances, does not 
contain disease carrying properties. 

Oil found with some algae deposits has nothing to do with oil pol- 
lution, but comes from food made by algae for itself. This food 
often takes the form of starches and oils. 

Value of removal of phosphorus from sewage in treatment plants is 
debateable because it is not definite that phosphorus is an algae 
nutrient- -such renioval procedure constitutes an expensive procedure 
which possibly has little or no value. 

More research is needed, and money Is needed to further that re- 
search. 

It was suggested that, since Algae Cladophora does not attach 
itself to sand, money be spent on shore retention projects such as 
re- sanding of disappearing lakefront beaches. 
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IN SUMMATION 

Dr. A. E. Berry 

In the first place I am sure you will all agree that this has been 
an excellent conference which brought out much information on this im- 
portant subject. Maybe the solutions are not so obvious as some would 
like and that is, as Dr. McLarty has said, due to the fact that it is 
a very complex problem. The various papers have been nost enliohtening, 
and we are greatly indebted to those who participated. They have 
shown clearly the conditions under which this algae will grow. Nutri- 
tion is obviously one of the major factors, but there are many others. 
There are the conditions along the shore which aiake it possible for 
algae to attach itself to the rocks and then to drift in to bays where 
it can lodge and decompose. Ail those are neces.<jary in order to get 
this prolific growth. As far as sewage pollution is concerned I think 
it has been clearly shown that sewage may be a factor of growth, 
whether it be raw or treated, but the disconcerting picture about this 
is that the higher the degree of treatment of the sewage the greater 
the availability of nutrients for the algae to feed on and be stLoiu- 
latad. But then there are so many other factors involved in providing 
nutrients for these, whether it be drainage from the land, from creeks 
and various other places, that it is difficult to assess in any par- 
ticular place whether the sewage is the major factor or whether it is 
this other drainage. That is certainly one point that needs con- 
sideration. 

Mr. Galimbert started with referring to research, and I think you 
all agree that any studies or research on a problem so complex as this 
is highly desirable, and it is not one of those things that can be 
undertaken with the idea it is going to be solved next week. This 
matter has been under study for many years, and we are hopeful that 
there will be a development of ali^icides that will be much more effec- 
tive than they are at present. One of the difficulties I see as far 
as algicides are concerned, is that if you could confine water so 
that it doesn't move about, you could put a chemical in the water that 
would kill this material quite readily, but as soon as you put copper 
sulphate or these others in, the waves come along and dilute it be- 
fore it has time to kill the algae. This is one major problem of the 
many associated with algae control. 

Detergents have been considered this afternoon, and, as Kr. 
DeLaporte has said, the increased use of detergents has shown or has 
corresponded with an increase in algae. IJhether that is a significant 
item, I don't think anyone can say, but it is noted that there has 
been a good deal of relationship, of timing at any rate, between 
algae and detergents. 

We are pretty well agreed that as far as the algae itself is con- 
cerned it is not a public health problem. It is a very disagreeable 
nuisance, not a public health nuisance, but a very disagreeable con- 
dition to those people who have to live on the shores near where it 
grows. Whether or not it is a public health feature is not altogether 
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the inportant point. 1 think with public health today we are con- 
cerned with good living conditions and good environment. Where there 
are odors that satisfactory environment docs not exist. 

Dr. Harkness, in his paper, referred to the fact that these algae 
are the pasturage in the water the same as pasturage on soil, and I 
think that is quite an important matter, Tlie problem is not so much 
that algae is present under certain conditions, but is this excess 
stimulatioii of the growth. 

Then we have heard very effectively from representatives of the 
different municipalities, Reeve Curtis, Mr. Saddington, and others. 
They revealed the problems that are faced in these different places. 
Finally, what is the answer to this? Is it soroethini] that somebody 
should be doing right away, and how are we going to do it? The sug- 
gestion that this material be raked up on the shore as soon as it 
comes in, wc know, is difficult in some places. At the same time, 
we do know that if raking is carried out it does overcome the nuisance 
problem. But there are many places that can't be raked readily, while 
immediately arises the problem of who does the work. Should the muni- 
cipality spend money on private beaches or should it be done by the 
individuals? As far as Crystal Beach is concerned, wo have advocated 
for years that raking was the answer to that problem, and we know 
that where people did rake it out, it was satisfactory. 

As far as research studies are concerned we are very keenly in- 
terested in them, I am sure the biologists of our Commission and 
other Departments, and Dr, McLarty, the University of Western Ontario 
biologist, are all interested in going on with this. I hope that we 
can develop further some of our research programs on this. It is 
remembered that a good deal has been already done. Reference has 
been made to the studies carried out on Sturgeon Lake in an attempt 
there to see what could be done. Mr, DeLaporte has just made the sug- 
gestion that as far as the Trafalgar sewage treatment plant is in- 
volved, it might be a good place to experiment with a type of treat- 
mentj by chemical precipitation, to remove the phosphorus, because it 
is a site that vjould lend itself to this. Thus there would be an op- 
portunity to see whether the removal of the phosphates from the water 
actually had any effect. It would answer the question, I think, of 
V7hether the environment there, apart from the seu'ago, is satisfactory 
anyway for this intense growth. 

I would like to make some reference to what the Jater Resources 
Commission Is doing in respect to sewage treatment, and Mr. Galimbert, 
I thought, brought that out quite well in his statement that a great 
deal is being accomplished today. We made reference to places v/here 
difficulties have been experienced, Hamilton being one, but Hamilton 
as I said before is embarking on a very ambitious program for cleaning 
up. But that certainly is not going to change the situation, at 
least we don't expect it is going to charge the situation as far as 
the lake is concerned, and these other ni nicipalities are all going 
along on sewage treatment programs. Thcie are problems still to be 
encountered, and it is the question of finances in so many of these 
places. I am sure that if your organize t ion, Mr. Saddington, and other 
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groups will co-operate with the Water Resouices Commission, as you 
have indicated, it will help a good deal to get this work under way 
q\iickly. vie will find means of financing it, I am sure, some way, 
before too long. We will welcome the opportunity to work with the 
various groups both before this condition occurs next year and when 
and if it does occur. If the v;ater level is different, if weather 
conditions are different, we may have something entirely apart from 
what took place this year. Let us hope anyway, it won't get worse, 
it will get better. 



Hugh Lumsden, Land Surveyor, 

Bitrlinston. 

I v;ould just like to say, that as one who has lived on the shore 
of Lake Ontario for the past 15 years, 1 have been very interested 
in this growth of algae. Up until today I knew little or nothing 
about it, but I have certainly smelled it and have seen much of it. 
As a result of today's very excellent talks which we have had, I 
think we, one and all, have learned an immense lot about this problem 
and I think, furthermore, that we are very much reassured to f,: 1 
that the VJater Resources Commission has the matter very much to the 
fore and is doing all possible in the way of research to improve the 
situation. I feel sure, therefore, I am echoing the feelings of all 
present when I say that we owe very sincere thanku to Dr. Berry and 
all those who have taken part in the program for a very interesting 
and instructive afternoon. 
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This publication contains a record of research work 
carried out by the Ontario Water Resources Commission In 
the suinmer of 19 59 on the nature and control of algae 
Cladophora growth. For many years this type of algae has 
caused widespread nuisances In the lakes and streams of 
the Province. It grows In great profusion under favorable 
conditions, and when wave action detaches It from the 
rocks It washes Into shallow areas where decomposition 
sets in with resultant offensive odors. 

This growth has been prevalent In many parts of 
Ontario, and is stimulated by a good environment which 
Includes sunshine and presence of food in the form of fer- 
tilizer. Control of the environment Is usually too diffi- 
cult, thus making other measures necessary. 

The studies noted in this report resulted from at- 
tempts to destroy aJgae In Its early growth through 
chemical treatment o£ the water. ^ number of methods 
were carried out, and Gncoi»ragia<_; res\ilts were obtained. 
However, the investigation is not yet completed, and more 
field work will be carried on before a full assessment 
can be made of the various measure*^. 

It is gratifying to report that the results to date 
give promise of an effective attack against a long-standing 
nuisance problem. 




Chairman 
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SUMMARY and RECOMMENDATIONS 

Summary 

1. Cladophora is found growing along the northwesterly shoreB of 
Lake Ontario wherever a suitable rock bottom Is found and In waters 
up to and slightly exceeding six feet in depth. In water approxi- 
mately 10 feet In depth growth of the alga la negligible. In these 
areas, lack of water movement and limited aeration may be important 
In limiting or preventing growth. 

2. Two main crops were observed in 1959. The first and most sig- 
nificant crop developed prior to August 1. A second, lesser crop 
began about August 1 and persisted tor the balance of the season. 

3. Major shoreline accumulations of disintegrating algae occur as 
a result of a crop, having matured and become free floating, being 
carried In and held on shore by suitable winds and currents. 

4. Local shore improvements may lessen the tendency to retain the 
algal masses. If it remains and disintegrates odor control by 
chemical means is impractical. The algal crop should be destroyed 
before large masses of growth occur. 

5. Under the conditions of these tests, copper sulphate proved 
to be of little value in controlling Cladophora. Tribastc copper- 
sulphate was somewhat more effective while sodium arsenite and 
Hyamtne were comparable and more effective. None of these chemicals 
achieved the removal of the alga. Growth was merely retarded. 

6. "Aqualin", at concentrations of !> and 10 p. p.m. (parts per mil- 
lion), cleared the plots of Cladophora and they remained clear for 
four weeks during which observations were taken. 

Recommendat ions 

In view of the observations and results which have been re- 
corded above, the following recommendations are made: 

1. The investigation should continue in 1960. To gain a complete 
understanding, observations should be made In May, on a weekly 
basis. More intensive work would be required throughout the balance 
of the season. 

2. Fundamental studies with respect to the organism and its growth 
requirements, upon which any control program will ultimately depend, 
should continue. 

3. The preliminary recaliitj obtained with algicides in 1959 must 
be checked and the studies enlarged upon with particular regard to: 

(a) the proper timing of the control effort to provide maximum 
control of growth and of shoreline accumulations; 

(b) the duration of the period of Influence of any one treat- 
ment; and 
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(c) the de term tnat Ion of a suitable reconunendation for algal 
control bearing tn mind its feasibility both from the stand- 
point of economics and from the point of view of the mechanics 
of operation. 

4. Subsequent to the completion of the 1959 investigation, Infor- 
mation has been received concerning two chemicals which are recom- 
mended for the control of Cladophora. Endothal and TD-47 Herbicide, 
supplied by Fennsault Chemicals, should be tested In 1960. 

5. In view of the Interest shown In this and similar problems In 
natural waters and of the consequent demand for the widespread ap- 
plication of alglcldal, herblcidal and other chemicals, it is expected 
that suitable procedures for the certification of these chemicals 

for the regulation of their use will be devised by the Commission. 

In many Instances, toxicity studies, beyond those conducted by 
industry, will be required. 
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INTRODUCTION 

General Nature of the Problem 

Fresh water species of the branching, filamentous, green alga 
Cladophora are of common occurrence in natural waters throughout 
Ontario and Indeed throughout the world. The taxonomy of the genus 
is difficult and, at the moment, in need of clarification. Certain 
of the species are free floating but those with which this investi- 
gation is concerned grow attached to any available firm substratum. 

Generally, the growth of this alga is net excessive, and Its 
presence does not constitute a nuisance. Occasionally, however, in 
remote as well as in urbanized areas massive growths occur and sub- 
sequently accumulations of disintegrating, highly objectionable 
masses of organic matter result Excessive growth of algae may 
occur in natural waters anywhere but the nuisance is greater where 
the concentration of mineral nutrients is increased by sewage ef- 
fluents and by run-off waters from rich agricultural lands and other 
sources. 

Nuisance conditions created by the decomposition of excessive 
growths of algae have occurred quite generally along the northern 
shores of Lake Erie for many years, and the related problems are 
familiar, particularly in the Crystal Beach area. In the past, cer- 
tainly Cladophora has been encountered also in Lake Ontario but, 
in recent years nuisance conditions have not occurred. In the 
summers of 1957 and 1958, however, excessive growths did occur and 
the distressing results became the concern of a great number of 
property owners and municipal authcfrities along the lake front fran 
Cobourg to Hamilton and beyond. 

Conference on Problems Related to Cladophora 
in Lake Erie and Lake Ontario 

On November 20, 1958, a conference was sponsored in Toronto by 
the Ontario Water Resources Ccmmission to consider the conditions 
and problems associated with these objectionable growths of Clado- 
phora in Lake Ontario particularly and in Lake Erie. 

A panel composed of members of the Commission and others, 
chaired by Dr„ A=E. Berry, heard reports from various interested 
parties and supplied information relative to various phases of the 
problem. The discussions have been abstracted, published and cir- 
culated by the Commission. 

Organization and Purpose of the Investigation 

In recognition of the magnitude and importance of the problems 
concerned, an investigation was undertaken for and by the OWRC of 
the conditions surrounding the excessive growths of Cladophora in 
Lake Ontario. 

It was considered necessary and desirable to accumulate funda- 
mental information concerning the alga and its basic growth require- 
ments. Such studies would include the determination of species, the 
seasonal life-cycle fluctuations of the organisms concerned and its 
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growth responses to temperature, li^ht, aeration, nutritional elements 
and other chemical and physical environmental factors. In a similar 
manner, the actual lake conditions under which the alga grows were of 
interest. Information concerning wave action, currents, drifts, water 
temperature and turbidity, and concentrations and distribution of 
nutrient mineral elements was recorded. Of importance as well was a 
survey to determine the actual extent of the algal meadows taking into 
consideration the depth at which the alga can satisfactorily grow and 
the distance from shore to which the growth, consequently, may extend. 

In view of the urgency of the problem, however, it was determined 
that an immediate effort should be made first of all to devise a means 
of limiting or controlling the excessive growths of Cladophora and per- 
haps of lessening the related nuisance problems. The fundamental in- 
vestigations, some of which have been mentioned above, were considered, 
momentarily, as being of secondary importance. 

Various natural biological means of controls were considered and 
discarded in favor of the use of various algicidal chemicals; it was 
believed that some of them might reduce and control the alga even 
under the conditions which a large lake provides in terms of volume, 
mixing and consequent dilution. Various methods of clipping and 
harvesting the alga by mechanical means were considered and some 
thought was given to possible uses. 

On June 22, 1959, an investigation concerning the chemical eradi- 
cation and control of Cladophora was undertaken. The objective was 
to devise a method that could be recommended to interested municipali- 
ties or individuals. It was further proposed that, insofar as possible, 
physical and chemical environmental factors would also be investigated 
and fundamental features relative to the alga itself considered. 
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METHODS, MATERIALS AND PROCEDURES 

ExperLmental Plots and Sampling Stations 

For purposes of convenience it was decided to select Qakville as 
the center of the field survey and to limit our attention to the Port 
Credit-Oakville-Bronte region. 

For the testing of algicidal chemicals, experimental plots ap- 
proximating one half acre (200 by 100 feet) were marked off with 
buoys. The areas varied in depth from one to six feet. These plots 
were located one mile east of Bronte near Coronation Park and approxi- 
mately three miles west of Bronte beyond the Pig and Whistle property. 
Areas were selected which were supporting a uniformly heavy growth 
of Cladophora. 

Chemical sampling stations were established off Port Credit, 
Oakvllle and Bronte extending from the harbor mouth to points two 
miles off shore. On occasion samples were taken in certain of the 
test plots as well. 

Water samples were taken and submitted to the Commission labora- 
tories for nitrogen and phosphorus determinations. Bacterial counts 
were also made. 

In the selection of experimental areas consideration was given 
to control measures which were being attempted by an Qakville organi- 
zation, The Farm & Forest Research Corporation, on the lakefront in 
the immediate vicinity of Oakville, 

Selection and Application of Algicicial Chemicals 

A survey of the literature relative to algal control measures 
and a canvass of the agricultural chemical divisions of local chemical 
firms yielded very little information concerning chemicals suitable 
for controlling Cladophora under lake conditions. Two chemicals, 
which had been considered, were withdrawn from the market just before 
our investigation began. 

The program for testing algicidal efficiencies included copper 
sulphate, tri basic copper sulphate and sodium arsenite. Supplies of 
these chemicals were made available by Chipman Chemicals Limited, 
Hamilton. A quarternary ammonium compound, supplied by Rohn & Haas 
Chemical Company under the trade name "Hyamine , was tested as an 
algicide and, to a limited extent, for odor control. Later, "Aqualin", 
an algicidal and herbicidal chemical, being developed by Shell 
Chemical Corporation, New York City, was obtained, supplied and ap- 
plied by the Shell Oil Company of Canada. 

Copper sulphate was applied in a crystalline form, using a 
Cyclone Seeder, on the theory that the crystals would sink to the bot- 
tom and go into solution in close proximity to the algal growth. The 
crystals, on one occasion, were coated with a finely powdered commercial 
clay in an effort to delay dissolution of the crystals. In one ad- 
ditional test the copper sulphate was applied as a solution. The 
tri basic copper compound was applied by towing a burlap "drag", con- 
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tatntng the chemical, on a line behind the boat. The sodium arsenlte 
and "Hyaailne" were applied with a hand sprayer while the "Aqualln" 
was applied by officers of the Shell Company using a suitable power 
sprayer. 

Rates of Applications of Algicidal Chemicals 

On July 28, 1959, three test plots in the vicinity of Coronation 
Park were treated with algicidal agents as follows: 

Plot #1 - 3 p. p.m. copper sulphate crystals 

v2 - 5 p.p.m. sodium arsenlte under- water spray 
#3 - lAj p.p.m. tri-basic copper sulphate 

(equivalent of 3 p.p.m. copper sulphate) 

The first crop of Cladophora to which these applications were 
made was nearlng the end of its life and was dense with oiasslve tangled 
plumes running up to three feet in length. 

On August 13, 1959, six test plots In the Pig and Whistle area 
were treated as follows: 

Plot #4-2 p.p.m. copper sulphate crystals 
#5-4 p.p.m. copper sulphate crystals 
#6 - 10 p.p.m. copper sulphate crystals 
#7 - 10 p.p.m. trl basic copper sulphate 
#8 - 3 p.p.m. sodium arsenlte solution 
#9-6 p.p.m. sodium arsenlte solution 

On the same day a plot In the Coronation Park area was treated 
with 5 p.p.m. of copper sulphate supplied as a spray. 

At the time of application conditions were almost calm. The 
second growth Cladophora was six to eight Inches In length. 

On August 19, 1959, In co-operation with officials of the Shell 
Oil Company of Canada, "Aqualln", a Shell product, was applied as a 
spray to three plots in the vicinity of Coronation Park. Bv this 
time, of course, the Initial crop had been replaced as In the above 
tests by a second crop of alga having filaments six to eight Inches 
In length forming a solid cover over the rocky bottom. 

Plot #10 - 10.5 p.p.m. "Aqualln" 
#11 - 5.3 p.p.m. "Aqualin" 
#12 - 2.7 p.p.m. "Aqualln" 

At the time of application the lake was calm but a sub- surface 
drift in a southwesterly direction was noted which could account for 
a good deal of dilution of the chemical. The water temperature was 
58 'F and the pH 8.0. 

This was the first application of "Aqualln" In Canada and the 
first application In open water to be made anywhere. 

On August 20 two plots in the vicinity of the Pig and Whistle 
property were treated with "Hyamlne", a quar ternary ammonlufli compound. 
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Plot #13 - 2ii p. p.m. Hyaxnlne 
#1A - 5 p. p.m. Hyamlne 

At the same time an application of this chemical was made to de- 
composing masses of Cladophora along the shore at the Pig and Whistle 
property. 

Co-operation with the Geophysical Research Group 

Through the co-operation of the Geophysical Research Group of the 
Research Division of the Department of Lands and Forests, arrangements 
were made for the use of a navy tug, the "Plalnsvllle", which was ob- 
tained on July 14, and was subsequently berthed at Metro-Marine Basin 
In Bronte. In addition to serving as an operational base the tug was 
used for off-shore sampling and the dinghy and outboard for shallow 
water operations. 

During our Investigations some observations on drifts, water tem- 
perature and turbidity were made and reported to the Geophysical group. 
As this Investigation proceeds other physical and chemical observations 
made In Lake Ontario by the Geophysical group will be available for 
our use. 

On September 1 and 2, 1959, Dr. R. Dean, Department of Geology, 
University of Toronto, carried out diving operations In the Bronte 
area. Detailed Information concerning the condition of the lake bot- 
tom and the extent of algal growth up to one-half mile off shore In 
water up to 30 feet In depth was obtained. 
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RESULTS OF THE CLADOPHORA INVESTIGATIONS 

The General Nature of the Alga 

The genus Cladophora includes about 160 species which are not 
well defined. A great deal of taxonomic study Is required to provide 
for the certain identification of species of the genus. Both fresh 
water and marine species occur and the genus is widely distributed. 

A member of the green algae, Cladophora grows usually as a 
branched, attached, filamentous form. In addition to the upright 
portion, attached species produce a prostrate, rhlzoldal, basal 
growth which is usually perennial and from which regrowth of the alga 
may rapidly occur. 

In most species which have been carefully studied there is in 
the life cycle a definite alternation of sporophytlc and gametophyttc 
plants which are identical in gross morphology but distinct tn terms 
of their cytologlcal detail and reproductive processes. 

In most instances reproduction is accomplished most extensively 
by the formation of zoospores, involving reduction division. These 
are widely dispersed and form, by direct germination, haploid gameto- 
phyte plants. These plants produce gametes which, following sexual 
fusion, form resting spores. The latter germinate at once to produce 
diploid sporophyte plants thus completing the sexual cycle. 

As a consequence, there is a constant possibility of renewal of 
growth at any time throughout the season. In addition, new growth 
may readily arise from the prostrate, perennial, rhtzoldal base. 

Most species require good aeration which is afforded tn rapids 
and in areas where wave action is marked. It should be understood 
however that some species are capable of existence in qui^t bodies 
of deep water. 

The Actual Extent and Nature of the 
Algal Growth in Lake Ontario 

Although it was not possible to conduct exhaustive studies of 
the lake front in general, the basic features relating to the Clado- 
phora growth, as it occurred in the vicinity of Oakville from late 
June to mid September, were observed and useful deductions may be 
drawn . 

It is obvious that the species of Cladophora with which we are 
concerned, grow only in areas where a suitable, firm substratuun is 
available for attachment. On bed rock, the alga is able to esta- 
blish itself only in cracks and crevices where, presumably, the re- 
productive cells have an opportunity to settle. Similarly the pro- 
tected edges of large rocks support dense growths and, consequeatly, 
the most dense meadows are found in locations possessing a shingle 
or cobble bottom. 

With respect to the universal distribution of this alga and 
the importance of a suitable attachinent it may be noted that various 
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artificial sub- strata, such as piers and bridgework, soon become 
coated with the alga in areas where growth is otherwise absent. 
Marker buoys, during this investigation, became coated with Clado- 
phora. At Rondeau Park, a single Cladophora- Infested post was ob- 
served with no other algal stands within miles along the sandy 
beach. 

In the Oakville area Cladophora was observed growing heavily in 
suitable areas from the water line to points in excess of six feet 
of water. Dr. Dean's diving operations indicated that, in areas 
ranging froci six to 12 feet in depth, the amount of attached, growing 
Cladophora decreased rapidly. At 12 feet and beyond no significant 
growth was observed although quantities of disintegrating, free- 
floating masses were observed. Although no quantitative observations 
were made it was noted that in water ranging from 10 to 30 feet in 
depth, light was reduced at the bottom and a marked drop in tempera- 
ture was noted in the bottom sediments. 

In accordance with this evidence, considering depths approaching 
10 feet, very extensive meadows may be expected along the shallower 
stretches of the shoreline. Certainly some of the meadows extend out 
1000 feet from shore. Considering also the linear extent of the 
shoreline Involved and the productivity of the alga per square foot, 
some appreciation of the magnitude of the control problem is attained. 

Relationship of the Algal Growth to Mineral Nutrients 

The results of chemical analyses have been summarized in Tables 
X and II. For complete details, refer to tables Included in the 
•appendix. It must be noted that the analyses obtained from samples 
taken at the Port Credit stations are not typical of the general 
shoreline since local municipal and industrial contamination strongly 
Influence the results. 

TABLE I 

Mean concentrations of nitrogen compounds, total phosphates, 
and coliform bacteria at stations in Lake Ontario between July 21 and 
September 21, 1959. Bacteria expressed as coliforms per 100 ml. All 
other data in parts per million. (See appendix for complete records) 
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TABLE I (Continued) 
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Maximum and minlinum concentrations, summarized from tables 1-3, 
of soluble phosphates and phenols at points in Lake Ontario from July 
21 and September 21, 1959. (See appendix for complete results) 
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250 " 


2 


.09 


.00 


3 


$. 


i 


500 " 


2 


.09 


.00 


3 


§ 


i 


1000 " 


'1 


.01 


.00 


3 


$ 


t 


% mile 


2 


.01 


.00 


3 


S" 


& 


1 


2 


.01 


.00 


3 






1% •• 


2 


.01 


.00 


3 


i 


'$ 


2 


t 


.01 


.01 


3 


1 


i 


Oakville at 














100 feet 


2 


.03 


.00 


3 


3' 





250 " 


2 


.05 


.00 


3 


$ 


ft 


500 " 


2 


.00 


.00 


3 


# 


& 


1000 " 


t 


.00 


.00 


3 


1 


# 


h mile 


3 


.00 


.00 


4 


1 


,it 


1 " 


3 


.00 


.00 


4 


k 


Q 


1% •• 


a. 


.00 


.00 


4 


M 


f 


2 " 


3 


.00 


.00 


4 


1 


f 
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TABLE 11 (Continued) 



Soluble Phosphates Pheao 1 s 

Location and Number dumber 

distance from of of 

shore Samples Max tmum Mlnlnium Samples Maximum Minimiro 

Bronte at 

100 feet 3 .01 .00 4 

250 " 3 .01 .00 4 

500 " I .01 .00 4 

1000 " 3 .01 .00 4 2 

k mile 3 .01 .00 4 3 

1 •• 3 .01 .00 4 3 
Ik " 3 .01 .00 4 2 6 

2 " 3 .01 .00 4 2 

The mean concentrations of NHo at Port Credit show a steady de- 
crease with increasing distance from shore. At Oakville a similar 
trend was noted but the mean concentration at the two-mile station was 
0.1 p. p.m. as compared with .05 at 500 feet from shore. At Bronte 
there seemed to be no significant variation in mean concentrations at 
the stations studied. 

Mean concentrations of total nitrogen at Port Credit show a de- 
crease from 1.40 p. p.m. at 500 feet to .09 p. p.m. at the two-mile 
station. At Oakville stations no constant variation was observed and 
at Bronte only a slight tendency toward decrease in mean concentrations 
was observed with distance from shore. At the 100-foot station 
however a mean concentration of .04 p. p. p. was recorded while at two 
miles the mean was .43 p. p.m. 

At Oakville and Bronte the mean concentrations of total phosphorus 
approximate .1 p. p.m. at the on-shore stations. On these ranges, the 
phosphorus content was reduced to approxJjnately .05 p.p.m. at two 
miles. At Port Credit, beyond 500 feet, a similar reduction of approxi- 
mately 507. was noted in the phosphorus analyses at two miles. 

With the exception of the on-shore stations at Port Credit, no 
exceptionally high concentrations of these essential nutrient ele- 
ments, nitrogen and phosphorus, were noted. It is significant 
however that the mean concentrations tend to decrease with Increasing 
distance from shore. At the two-mile stations mean concentrations of 
one-half and one-quarter those recorded for near- shore locations may 
be obseirved in Table I 

Minute quantities of nutrient chemicals are sufficient for the 
support of normal plant growth. Slight increases in the nutrient 
elements present may cause very large increases in the crop supported. 
Certainly the excessive growths of Cladophora observed in Lake Ontario 
indicate that the chemical nutrients are present in at least very 
adequate amounts. There is evidence of added enrichment of the waters 
at the shoreline relative to the chemical composition of the lake in 
general as indicated by sarripling at the two-mile stations. In our 
present state of knowledge, however, It would be difficult to say 
whether or not any measure of control might be expected from a lowering 
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of the mineral content: of the lake. 

In view of the chemical uniformity of the lake in the area in- 
vestigated it appears that the distribution of the growth is con- 
trolled mainly by physical factors related to the attachment of the 
organism. 

Relationship of Algal Growth to Physical Factors 

Throughout the period of the investigation temperature and cur- 
rent determinations were made from time to time. There are recorded 
in the following table. The current flow is indicated in feet per 
minute. 

TABLE III 







Port Credit 


1 


Oakville 






Bronte 




Date 


Stc. 
Temp. 


Current 


Bot. 
Temp^ 


S£c. 
Temp 


Current 


Bot. 
Temp . 


Stc. 

Temp, 


Current 


Bot. 
Temp 


July 
14 






.. 


60 


— 


^ ^ 


60 


OV ^ (V 


^^ 


m 


■» «b 


-.- 


-- 


_- 


-"" 


-- 


67 


--- 


-- 


20 


»« 


--- 


-- 


-- 


- — 


-- 


66 


.-• 


-- 


2f • 


70 





-- 


66 





-- 


65 


— 


-- 


Aug. 

10 
18 
If 
19 
24 


60 
69 
46 


SW-10 

SE-15 

S-5 


58* 

64 

43* 


62 
68 
49 


Variable 
SE-20 
W-WNW 
10-25 


60* 

64 

48* 


61 
69 
48 

58 
67 


ESE-15 


67 
42* 


67 


calm 


64 


67 


NE-1 


65 


NE-1 


64 


Sept. 
8 
21 


64 





52 


58 
62 





52 

61 


56 
62 


— 


52 
61 



* Reading taken at 15 feet 



The surface temperatures throughout the area were quite uniform 
during the period of investigation and approximated 60*F. As is shown 
by the records taken on August 18 and 19, however, marked and rapid 
fluctuations did occur and for the determination of rates of applica- 
tion of algicides, adjustments must be made according to the tempera- 
ture prevailing at the time of treatment. 

Some temperature gradient was noted in the lake but usually it 
amounted only to a few degrees. 

Although temperature records are not presently available for the 
entire season, it is known that the alga undergoes appreciable growth 
in the early season and continues to thrive late in the fall. From 
December 28, 1959 to January 2, 1960, for example, the water Intakes 
of the British American Oil Company were plugged by masses of Clado- 
phora. It has been reported that these algal masses were healthy and 
fresh at that time and v^ere carried in by a strong easterly wind. 
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The most extensive and rapid growth of Cladophora occurred in late 
June and during July. The more restricted growth, obtained in August 
and September, does not seem to be attributable to the water tempera- 
ture. In view of its very universal distribution, the alga seems to 
be very tolerant of temperature conditions. 

Water currents were studied mainly during reasonably calm periods. 
One set of records which were taken under storm conditions may be avail- 
able at a later date. As is shown in Table III currents noted were 
either Induced or influenced by the prevailing wind. Currents varying 
from zero to 25 feet per second (seven miles per day) were encountered. 

In calm weather marked water currents were noted on the bottom 
when test plots were being observed. No measurements of these were 
made but such a phenomenon must be taken into account when determining 
the dilution factors relative to applications of alglctdal chemicals. 
Such currents may also be Important with respect to the agitation and 
aeration of the algal growth. In connection with the latter however 
wave action may be of greater importance. 

Turbidity of the water might be a factor in limiting growth due 
to reduction of light intensity at lower levels. In general however 
a rock bottoca which might be associated with low turbidity is essential 
for Che establishment of attached species of Cladophora. 

Seasonal Fluctuations in Growth of Cladophora 

From observations elsewhere it is known that many algae including 
Cladophora, may be found growing at all seasons of the year. So far 
as this Investigation is concerned observations were made only from 
late June to mid-September with some limited surveys in October. 

When first observed at the end of June the Cladophora meadows 
were well developed. It is probable that considerable growth was 
attained In May although low water temperature may have retarded the 
rate of growth during the early part of the season. 

Throughout July however the upright filamentous growth of Clado- 
phora attained lengths of two to three feet and began to appear on the 
surface in suitably shallow water. Under the action of the water 
presumably, tangled plumes formed making the presence of the alga much 
more noticeable toward the end of July. 

In general, during the early part of August, this first most 
massive crop of the season "matured" became free floating and disin- 
tegrated. As this massive growth of alga dispersed a second crop 
consisting of filaments one and two inches In length could be observed 
over the rock bottom. In subsequent weeks this crop never exhibited 
the vigor or extent of the earlier one. When last observed in 
detail on September 16 the growth in untreated areas had attained a 
maximum growth of approximately 12 inches. 

General speaking, the significant growths of Cladophora and the 
subsequent nuisance conditions may be anticipated in July and early 
August. In the case of a particularly heavy infestation however dis- 
tressing shore conditions may persist well into the fall. As has 
been mentioned above, accumulations of Cladophora plugged the water 
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intakes at the British American Oil Company on January 1, 1960. 

The Nature, Occurrence and Control of Shore Accumulations 

Masses of algal material accumulated and disintegrating along the 
shore is of course, the very essence of this problem. In Lake Ontario 
there is no great reason for concern about the healthy growth of the 
alga excepting in connection with some isolated cases of recreational 
use. When the alga acctumilates and breaks down at the water's edge, 
in a band that may be 30 to 50 feet in width and several feet in depth, 
a nuisance condition results which can neither be minimized or ignored. 

On the basis o£ our observations it is apparent that the alga 
becomes free-floating at the end of a growth cycle. Contrary to popular 
assumptions heavy wave action is not capable, in Itself, of breaking 
down health, vigorous growths although it may be by such means that 
"mature" crops of Cladophora are cast up on the beaches. In general 
it would appear that tnis Cladophora thrives under violent physical 
action. 

When the alga breaks away from its attachment it will remain 
healthy so long as it floats freely and does not stagnate in* large 
masses. As a consequence, shore accumulations may occur for a limited 
time and be removed by appropriate wind and water action without ever 
developing any objectionable odor. Throughout the course of the in- 
vestigation it was not uncommon to encounter large masses of Cladophora 
floating in the open lake. It is obvious that only a part of the 
algal mass arrives on shore and then only when suitable on-shore winds 
prevail. 

If the alga is driven high on shore and Is allowed to dry It 
forms a felt- like mass which is very resistant to break down and of 
course free of odor. If it remains as a mass in contact with the 
water and is closely packed, it may form an artificial extension of 
the beack, dry and brown on top, black, oily and incredibly offensive 
beneath. Once established such an accumulation may persist for a con- 
siderable period of time. It is relatively inoffensive in dry 
weather but with rain, storms or even high humidity it again produces 
an odor problem. 

One application of Hyamine to such an accumulation was made to 
control the odor. While some influence might be exerted the fact im- 
presses that there is little possibility of preventing or even diminish- 
ing the odor from any such reasonably extensive mass of disintegrating 
organic matter. It would involve complete and continuous sterllsation. 

Control of the offensive conditions associated with shoreline 
accuxmjlations must Involve either their prevention or their physical 
removal. The latter would present very great difficulties. 

Diving operations revealed large masses disintegrating on the 
lake bottom. In water ranging in depth from 12 to 30 feet black, 
gaseous masses with the characteristic offensive odor were encountered 
on the bottom during the late season (September 1). Apparently this 
represents the fraction which has remained in deep water and which 
has ultimately settled. 
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In the light of these comments it seems probable that really ob- 
noxious accumulations are derived in the main from the first, massive 
algal crop. These may persist and recur until September and October 
although at this late season the odor problem does not seem to be as 
great. Lower temperatures perhaps influence the rate of decomposition. 

According to the observations the second more limited crop did not 
become free floating as a whole within the period of "ttrvestigation al- 
though it may have produced local minor accumulations. 

Control of the Al^a by Chemical Means 

The first applications of algicidal chemicals were made on July 
28, 1959, but since this coincided with the end of a growth cycle, it 
was not possible to interpret the results. Subsequently the observa- 
tion of the plots was often rendered difficult by the large floating 
masses of Cladophora that tended to obscure the bottom. 

No indication of any effect on the alga was evident on August 4, 
one week after treatment but extensive algal accumulations were ob- 
served along the shore. As time went on, the first crop in treated 
and non- treated areas alike, becambe detached and the lake bottom, so 
far as the algal growth was concerned, became uniform. Meanwhile the 
second crop consisting of short, young filaments was developing, 

TABLE IV 

Summary of results of applications of algicides in Lake Ontario 
for the control of Cladophora sp. 



Test Plot 



Application .fflf A-l^^i^cid e 



Date of 
Applica- 
tion 


Reference 
Number 

1 


Location 

of 
Plot 


Chefflical 
Used 


Concen- 
tration 
in p . p . m . 

3 


Results 


July 28 


near Coro- 
nation Park 


CUSO4.5H2O 
Qrystals 


no control 


II II 


2 


II 


NA2HASO3 
solution 




5 


m V 


II II 


3 


II 


CuS0a.3Cu 
(0H)2 




1.5 


»|: •« 


Aug. 13 


4 


near Pig 
and Whistle 
Restaurant 


CuSO, .SHjO 
crystals 




2 


» ti 


n It 


:S 


II 


»J 




4 


slight, tem- 
porary tnhi- 
D it ion 


11 II 


i 


II 


Ir 




10 


slight, in- 
hibition of 
30% of crop 
for 4 weeks 
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TABLE IV (Continued) 

Test Plot 

Date of 

Appll*- 

cation 

Aug. 13 



Reference 

Number 



Location 

of 

Plot 



It 



tt If 



It ft 



8 



f 



n 



It 



It If 



Aug. 19 



•• 



10 near Coro- 
nation Park 



ti. t| 



11 



11 



If lift 



12 



■I 



A pplication of Alg.lcld e 
it Concen- 

Chemical tration 
Used In p . p . m . 



Aug, 20 

ti If 

ti ti 



CuSO, . 3Cu 



NA2HA5O3 
solution 



II 



CUSO4.5H2O 
solution 

"Aqua 1 in" 
solution 



If 



•1 



13 


near Pig 


"Hyaxnine" 




and Whistle 


Solution 




Restaurant 


(Active in 
gredient) 


14 


ti 


ft 


15 


shoreline 
near Pig 
and Whistle 
Restaurant 


li 



10 



10.5 



5.3 



2.7 



2.5 



Result 

eradication 
of 507. of 
the crop, 
remainder 
chlorotic 
and inhl> 
blted for 4 
weeks 

slight, in- 
hibition of 
100% of crop 
for 5 weeks 

moderate in- 
hibition of 
1007, of crop 
for 5 weeks 

no control 



complete 
eradication 
of 1007. of 
crop for 4 
weeks 

severe inhi- 
bition of 
1007. of crop 
for 4 weeks 

moderate in- 
hibition of 
100% of crop 
for 4' weeks 

Inhibition 
of 1007. of 
crop for 4 
weeks 



Sprayed on shore accumu- 
lations for odor control, 
the result could not he 
assessed. 
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* In the case of copper sulphate, sodlutn arsenlte and "Aqualtn", cal- 
culations are In terms of the compoun<:l. "Hyamlne" applications are 
calculated on the basis of the active component and trl-baslc copper 
sulphate applications were expressed In terms of copper sulphate 
(copper equivalents). 

The results obtained using various applications of alglcidal 
chemicals are summarized in Table IV. A discussion of these results 
follows: 

(a) Copper Sulphate Applications 

Applied at the rate of two p. p.m. copper sulphate crystals had no 
Influence at any time and after a period of four weeks the alga was 
normal and healthy. 

Four p. p.m. of copper sulphate produced some scattered killing of 
branch systems, particularly at their tips. Chlorosis and killing was 
apparent during the first three weeks but by four weeks follovi;lng 
treatment (September 8) the alga was showing signs of recovery. By 
September 16 the test plots appeared to be essentially normal. 

Ten p. p.m. copper sulphate produced a terminal kill over approxi- 
mately 30% of the area within seven days (August 20). The basal portion 
of the growth, however, maintained a healthy appearance and the kllltng 
effect was more extensive where the growth was sparse and less so In 
the more dense areas. Throughout the four week period that followed 
there seemed to be some recovery. Actually, It would seem that the 
chlorotic tips were removed and the more healthy basal growth reduced 
by this means to a length of two to three Inches were exposed. 

Five p. p.m. copper sulphate applied as a solution had no recogniz- 
able Influence on the algal growth. 

(b) Trl basic Copper Sulphate 

In general 10 p. p.m. of this chemical produced a more uniform 
chlorotic effect than copper sulphate crystals. Three weeks after 
treatment approximately SOTo of the alga had been killed. The alga re- 
maining was somewhat chlorotic and retarded in growth. 

Trl basic copper sulphate appeared to be slightly more effective 
than copper sulphate at the same copper concentration. 

(c) Sodium Arsenlte Solution 

The Influence of sodium arsenlte was similar to that of trl basic 
copper sulphate In that the chlorotic effect was uniform. At the close 
of one week a general chlorosis was apparent. The application of six 
p. p.m. was somewhat more effective than the three p. p.m. application. 
In subsequent weekly observations however the two test plots and the 
intervening check plots, apparently by diffusion, became uniform in 
appearance. 

Five weeks after the treatment bad been applied the growth In the 
arsenlte treated areas was chlorotic and reduced to approximately two 
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to three Inches. 

Although there was no eradication the growth of the alga was re- 
tarded more by sodium arsentte than by either of the copper compounds 
referred to above. 

(d) Hyamine Solutions 

In two adjoining plots treated with two and one-half and five p. p.m. 
of Hyamine, a quarternary ammonium compound, an effect similar to that 
induced by sodium arsenite above was produced. The chemical seemed 
to become uniformally distributed by diffusion and mixing. At the close 
of three weeks it was estimated that the crop had been reduced by 60 
to 70%. After five weeks (September 16) the plots, similar to those 
treated with sodium arsenite, exhibited chlorotic growth which was re- 
duced to two or three inches in length. 

(e) "Aqualtn" Applications 

It is possibly significant that the influence of applications of 
"Aqualin" was apparent less than 24 hours after the applications were 
made. 

Applied at the rate of 2.7 p. p.m., "Aqualin" destroyed a signifi- 
cant portion of the growth rather than merely producing a chlorotic 
condition. An actual dissolution of the plant material seemed to have 
taken place. 

At this rate of application however regrowth was apparent through- 
out the third and fourth weeks after treatment. 

"Aqualin" when applied at the rate of 5.3 p. p.m. removed a remark- 
able portion of the alga. Large areas of the bottom were completely 
cleared within one week and only a few scattered clumps of Cladophora 
persisted on the edges of rocks and in crevices. 

"Aqualin" applied at the rate of 10.5 p. p.m. removed all but a 
few brownish remnants during the first week. Subsequently for an 
additional three weeks during which observations were made this 
treated area remained perfectly clear of all growth and stood out in 
remarkable contrast to the surrounding untreated plots. It is note- 
worthy that: with "Aqualin", very little diffusion or mixing occured. 
Apparently the killing action is rapid and the chemical is absorbed 
or dissociated before it has an opportunity to drift beyond the actual 
area of application. 
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DISCUSSION 

The Occurrence and Distribution of Cladophora in Lake Qatarlo 

It is evident that Cladophora is capable of growing aaywhere in 
the portion of the lake studied where suitable attachment Ls afforded 
and where the depth and turbidity of the water is not too great. On 
a shore area with a uniform rock bottom Cladophora was found to de- 
crease rapidly in areas covered by more than six feet of water and to 
be almost virtually lacking in ten feet of water. These limitations 
allow for the establishment of meadows extending 500 to 1,000 feet 
from shore in many of the areas studied. 

On the basis of recorded monthly means, the maximum kaown varia- 
tion in the water level in Lake Ontario is 6.2 feet. The water level 
during the summer of 1959 was 3.1 feet below the previous cyclic peak 
which was recorded in 1952. Extensive soundings were not undertaken 
during this investigation. It is obvious however that fluctuations 
in the water level would influence the lake area suitable for the 
growth of Cladophora. However it would seem the recent occurrence of 
excessive growths of Cladophora cannot be completely explained on 
this basis alone. 

On the basis of surface and bottom lake temperatures recorded 
the water temperature does not seem to be a critical factor in the 
control of growth. With respect to the influence of water depth, 
lack of turbulence is probably more influential in limiting the growth 
of Cladophora than either temperature or light Intensity. 

The chemical analyses recorded in Tables I, II and III of the 
Appendix, do not indicate extremely high concentratioas of nutrient 
elements at the on-shore stations. It is true however that the 
nutrient elements nitrogen and phosphorus are present at on-shore 
locations in amounts approximately double those found at the two- 
mile stations. This condition is undoubtedly due to rich irun-off 
water along the shore and to the presence of municipal and industrial 
wastes. 

For the growth of any plant, Cladophora included, the amount of 
essential elements required may be determined. Up to the point where 
a toxic condition results increases in available nutrients will 
induce increased growth. Accepting the fact that all other physical 
factors are suitable the degree of enriclunent of the on-shore waters 
will have a direct effect upon the extent of algal growth. 

The nutrient concentration is surely adequate for the support of 
excessive algal growth at the pTesent time. With increased urbaniza- 
tion expected, the nutrient salts available to the lake will probably 
not diminish in the future. From the point of view of nutrient 
elements Cladophora must be regarded as a continuing problem in Lake 
Ontario. 

To explain the fluctuations which are known to have occurred in 
the past with reference to excessive growths of Cladophora at these 
locations reference can be made only to known fluctuations in the 
water level. While the water level might influence the extent of the 
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growth it does not seem capable of cxplainlnt^ completely the presence 
or absence of nuisance conditions. 

(Xir observations indicate that Cladophora produces at least two 
crops in any one growing season. The first crop was well established 
in mid- June and became free-floating around August 1st. The second 
crop, commencing in early August, remained healthy and attached at 
least until observations were discontinued in September. Subsequent 
information referred to above indicates the presence of nuisance ac- 
cumulations of the alga as late as December and January. 

During the period of investigation, the first crop was much more 
extensive than the second. It is possible that water temperature may 
have an influence on the rate of growth. 

The Importance of Shore Accumulations 

In a location such as Lake Ontario the healthy growing Cladophora 
presents practically no problem. It is only when massive accumulations 
of free-floating alga becomes crowded in and disintegrates along the 
shore that a nuisance condition exists. 

Kept moist nothing less than total sterilization will prevent the 
breakdown of this organic matter and the consequent flis tress ing odor. 
Various odor control procedures have been suggested but it is unlikely 
that any will give success in actual practice. 

In some areas these accujrulatlng algae have been collected and 
removed mechanically. Even where this is attempted it Is scarcely 
practical and in most areas along the shore conditions are such as 
to made these procedures quite impossible. 

For practical results the prevention of these accumulations aiust 
be achieved. This will involve effective prevention or control of 
the growth of the alga before a large volume of growth has occurred. 
Otherwise an algicide, similar perhaps to "Aqualln", might be used 
in the killing of the alga bringing about its dissociatioa in situ 
and thereby obviating shore accumulations. 

The observation that the alga breaks loose and becomes free 
floating as a result of the maturation of a crop rather than due to 
mechanical damage by storm is Important In planning control measures. 
Most significant beach problems even those occurlng in the fall, 
trace back and relate to the heavy first crop which occurs prior to 
August 1. In view of the fact that the second crop is by comparison 
not extensive, the control or destruction of the first crop might go 
a long way toward controlling the Cladophora problem in any one 
season. 

The Effectiveness of Algicidal Chemicals 

All of the available algicidal chemicals which were recommended 
for the control of Cladophora were tested. Most of these produced 
enough effect to warrant further study. None were investigated 
thoroughly enough to warrant their complete rejection. 

Copper sulphate is well known tor its toxicity to plant materials 



- 21 - 

but under the conditions prevailing In Lake Ontario it has proven un- 
satisfactory In concentrations of two and four p.p.m. Plots treated 
with 10 p. p.m. showed apical killing of the filaments with a conse- 
quent reduction In growth. The alga was at no time removed and at 
the end of five weeks the growth was green and plentiful. 

Trlbaslc copper sulphate produced an effect on Cladophora which 
was limited but nontheless more extensive chan that induced by copper 
sulphate. 

Sodim arsenite and "Hyamlne", a quarternary ammonium fcompound, 
were both more effective than either of the copper compounds. The 
growth was unlformally Influenced and distinctly reduced in each case. 
The proper timing of treatment of the first crop of the season with 
these two chemicals might well be investigated further. It is pos- 
sible that the crop might be reduced and contained within limits which 
would prevent subsequent objectionable shore nuisances. 

Applications of '•Aqualin" proved to be most Interesting. Only 
this chemical, of all those tested was capable of bringing about a 
total removal of visible growth. For a period of four weeks at 
least, plots treated with five and 10 p. p.m. remained virtually barrea 

It is apparent that "Aqualin" kills quickly and in low dilution. 
Thus the dilution problem which is so important a factor in & large 
body of water is minimized. Moreover the chemical la rapidly absorbed 
by organic matter of any kind and its residual effect is reduced 
rapidly. 

Although a Canadian price for this experimental chemical is still 
not available plans are being made to place it on the Canadian market 
at a competitive price. Moreover other related chemicals are being 
investigated with a view to improving the general effectiveness of the 
product. Further study of "Aqualin", from many points of view, is 
certainly desirable. 

Comparative Cost of Control Measures 

No consideration of this phase of the problem has been possible 
up to the present moment for aside from the actual costs of material, 
some of which are not yet available, many other factors upon which 
the final cost picture will ultimately depend have not been deter- 
mined. 

Of greatest importance with respect to the actual growth pro- 
gram of the alga and to the cost and general effectiveness of treat- 
ment is the timing of the control effort. In turn the optimum time 
for treatment will depend on a number o£ factors, the influence of 
which can only be determined by experimentation. 

To control the first crop and to p event subsequent shoreline 
accumulations of disintegrating algae, .m early applicatioa of algi- 
cide might be most effective. Moreover the less the amount of 
organic matter present the less alglcidal chemical is required. On 
the other hand the lower lake temperature in the early season might 
reduce the effectiveness of the chemical to the point where the ap- 
plication of an effective treatment would be too expensive. 
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Probably of greater Importance in detemlning the cost of treat- 
ment is the period of effectiveness of any one application of a parti- 
cular alglclde. If this period Is long enough It will be practical 
CO use the alglclde even though the Initial cost Is high. 
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APPEHDIX TABLE I 

Concentrations of nutrient chemicals, phenols and collform bacteria at 
Uike Ontario stations near Port Credit from July 21 to September 21, 1959. 
Cou«-t>nv:ratlon8 oi bacteria expressed as collfoms per 100 ml.| phenols In 
pai*i.i> per billion and all other data in parts per nllllon. 



Date 



July 21 



July 29 



~* Aug. 4 



Aug. 10 



Aug. 18 





Nitrogen 








Compounds 






Distance 




as N 


Phosphates 
ap P04 




from 


WH3 
Test 


KJeldahl 
Test 


Total Conform 


shore 


Total Soluble 
0.26 


Phenols Bacteria 


100 feet 


2.1 




250 " 




1.8 


0.26 




500 " 










1000 " 







0.13 




% mile 




1.2 


0.08 




1 




2.1 


0.04 




1% " 




0.0 


0.01 




r «• 




0.3 


0,01 




100 feet 


0.05 


0.5 






250 " 


0.05 


3.0 






500 " 


0.04 


3.8 






1000 " 


0.03 


1.7 






% mile 


0.05 


1.0 






I 


0.06 


0.4 






1% ** 


0.19 


0.4 






2 " 


0.02 


<0.05 






100 feet 


0.08 


1.1 


0.29 


17,000 


250 " 


0.08 


0.4 


0.32 


33,000 


500 " 


0.06 


0.2 


0.32 


60,000 


1000 " 


0.05 


below 0.2 


0,29 


150 


% mile 


0.05 


0.3 


0.13 


120 


1 


0.04 


1.2 


0.09 





n •* 


0.04 


0.2 


0.13 





1 «• 


0.04 


0.4 


U.08 


9 


100 feet 


0.03 


0.4 


0.08 


9,000 


250 " 


0.02 


0.5 


0.U5 


58,000 


500 •• 


0.04 


0.6 


0.05 


160,000 


1000 " 


0.04 


0.8 


0.05 


29,000 


% mile 


0.02 


1.6 


0.05 


4,000 


1 


0.05 


0.5 


0.05 


630 


Ik *• 


0.03 


1.2 


0.21 


40 


2 «t 


0.03 


below 0.2 


0.05 


m 


100 feet 


2.1 


9.4 


!l. 


i 


250 " 


1.4 


2.3 


0.73 


m 


500 " 


0.40 


1.2 


0.15 


m 


1000 " 


0.20 


1.5 


0.10 


4 


k mile 


0.08 


1.0 


0.02 





1 


0.04 


0.2 


0.20 





1% •• 


0.11 


0.5 


0.03 


i 


2 »» 


0.03 


1.3 


0.18 






1% ■ 



.\PPE i^I>: TABLE I (Continued) 



« 






Nitrogen 
Conpovinds 












Distance 
from 
shore 

100 feet 




as N 


Phosphates 

as P04 


Total 
Phenols 

3 






MH3 
Test 

0.03 


KJeldahl 
Test 


Collforro 


Date 


Total 
0.00 


Scluble 


Bacteria 


Aug. 24 


0.8 


400,000 




250 


•1 


0.27 


9.9 


0.00 







48,000 




500 


II 


0.03 


1.3 


0.00 




3 


89,000 




1000 


II 


0.06 


1.7 


0.00 




3 


67 




% 


It 


0.05 


0.5 


0.12 




% 


B 




1 


•1 


0.03 


0.3 


0.05 




% 







1% 


If 


0.04 


2.0 


0.05 




t 







2 




0.04 


0.8 


0.18 




% 


2 


Aug. 31 


100 


feet 


0.22 


2.0 


0.26 


0.09 


i 


11,000 




250 


ti 


0,08 


2.0 


0.31 


0.09 


i 


34,000 




500 


II 


0.21 


2.2 


0.26 


0.09 


i 


17,000 




1000 


It 


0.18 


1.3 


0.10 


0.01 


i 







h 


mile 


0.05 


0.6 


0.10 


0.01 


i 







\ 


II 


0.06 


1.3 


0.10 


0.01 


t 


it 




1% 


II 


0.03 


0.3 


0.10 


0.01 


i 


2 




2 


II 


0.05 


0.6 


0.05 


0.01 


i 





Sept. 8 


100 


feet 


3.5 


8.9 


13. 


7. 


% 


31 X 10* 




250 


II 


0.04 


0.4 


0.19 


0.00 


4 


510,000 




500 


M 


0.04 


0.2 


0.09 


0.00 





110,000 




1000 


n 


0.04 


0.1 


0.08 


0.00 


2 


10,000 




% 


ffllle 


0.06 


0.3 


0.04 


0.00 


a 


700 




1 


l> 


0.03 


0.8 


0.00 


0.00 


e 


1,100 




1% 


II 


0.03 


0.3 


0.00 


0.00 


§ 


300 




2 


It 


0,02 


1.2 


0.01 


0.00 





1,100 
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APPENDIX TABLE II 



Concentrations of nutrient chemicals, phenols and collform bacteria at 
Lake Ontario stations near Oakvllle from July 21 to September 21, 1959. Con- 
centrations of bacteria expressed as conforms per 100 ml., phenols In parts 
per billion and all other data In parts per million. 











NJ 


Ltrogen 
















Compounds 










te 
21 


Distance 
from 
shore 

100 feet 




as N 




Phosphates 

as P04 Tol 






MH3 
Test 


RJeldahl 
Test 


tal Collform 


Dai 


■fotal Soluble Phei 
0.01 


10 Is Bacteria 


July 


0.3 










250 


ti 




1.5 




0.05 








500 


ir 
















1000 


!• 




0.6 




0.06 








h 


mile 




0.6 




0.06 








1 


II 




2:7 




0.36 








ih 


II 




0.0 




0.08 








2 


M 




2.1 




0.01 




July 


29 


100 

250 

500 

1000 

h 
1 

1% 

2 


feet 

H 

mile 

M 
H 

n 


0.05 
0.06 
0.06 
0.06 
0.05 
0.06 
0.06 
0.06 


1.7 
1.0 
3.2 
0.9 

<0.05 
0.8 

<0.05 
1.3 








Aug. 


4 


100 


feet 


0.24 


0.7 




0.19 


1,000 






250 


II 


0.07 


0.3 




0.11 


550 






500 


•1 


0.2 


0.4 




0.16 


700 






1000 


II 


0.16 


below 0. 


2 


0.11 


il 






h 


mile 


0.10 


below 0. 


2 


0.08 


m 






1 


•1 


0.10 


below 0. 


2 


0.08 


m 






ih 


II 


0.05 


0.8 




0.09 


t 






2 


II 


0.27 


0.4 




0.05 





Aug. 


10 


100 


feet 


0.04 


0.3 




0.05 


9,300 






250 


n 


0.04 


0.4 




0.08 


60 






500 


II 


0.02 


0.9 




0.05 


10 






1000 


• 1 


0.03 


below 0. 


2 


0.08 


38 






% 


mile 


0.03 


below 0. 


2 


U.04 


110 






1 


II 


0.04 


0.6 




0.04 


m 






1% 


II 


0.02 


1.1 




0.04 


? 






2 


M 


0.02 


0.8 




0.04 


11 


Aug. 


18 


100 


feet 


0.05 


0.8 




0.26 


2 






250 


II 


0.04 


1.2 




0.04 









500 


II 


0.03 


0.2 




0.62 









1000 


M 


0.03 


0.2 




0.03 


7 






h 


mile 


0.03 


0.3 




0.15 









1 


II 


0.06 


0.2 




0.03 









Ik 


n 


0.05 


0.2 




0.03 









2 


II 


0.05 


0.6 




0.20 
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APPENDIX TABLE II (Continued) 



* 








Nitrogen 
Compounds 












te 


Distance 

froffl 
shore 




as N 


Phos 

as 


phates 
P04 


Total 
Phenols 






Test 


Kjeldahi 
Test 


Collform 


Dai 


Total 


Soluble 


Bacteria 


Aug. 


24 


100 


feet 


0.04 


0.8 


0.06 




3 









250 




0.04 


0.6 


0.05 




% 









500 




0.04 


1.4 


0.05 







9 






1000 




0.03 


0.7 


0.05 




2 


1 






h 




0.04 


0.7 


0.05 




3 









1 




0.03 


1.3 


0.05 




3 


5 






H 


ti 


0.04 


0.1 


0.12 




I 









2 


It 


0.16 


0.5 


0.02 







4 


Aug. 


31 


% mile 


0.05 


0.7 


0.01 


0.00 





4 






1 


ti 


0.05 


0.5 


0.01 


0.00 


# 


15 






ih 


II 


0.03 


0.9 


0.01 


0.00 





2 






2 


M 


0.05 


0.8 


0.01 


0.00 








Sept. 


, 8 


100 


feet 


0.02 


1.7 


0.03 


0.00 





300 






250 


II 


0.02 


0.6 


0.00 


0.00 


Q 


53 






500 


H 


0.03 


1.2 


0.00 


0.00 





200 






1000 


• 1 


0.06 


0.3 


0.04 


0.00 





55 






% 


II 


0.02 


1.4 


0.07 


0.00 





200 






1 


tl 


0.03 


1.1 


0.04 


0.00 


n 


1.200 






1% 


■ • 


0.02 


0.7 


0.00 


0.00 








*t 




2 


II 


0.20 


1.3 


0.04 


0.00 





900 


Sept. 


21 


. 100 


feet 


0.06 


0.2 


0.21 


0.03 












250 


•1 


0.22 


0.6 


0.21 


0.05 


i 









500 


II 


0.03 


0.06 


0.26 


0.00 


i 









1000 


II 


0.02 


0.03 


0.08 


0.00 


i 









h 


mile 


0.02 


0.06 


0.05 


0.00 


2 









1 


II 


U.03 


0.06 


0.05 


0.00 


4 









1% 


M 


0.02 


0.6 


0.03 


0.00 












2 


II 


0.02 


0.03 


0.08 


0.00 
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APPENDIX TABLE III 

Concentrations of nutrient chemicals, phenols and collform bacteria at 
Lake Ontario stations near Bronte from July 21 to September 21, 1959. Con- 
centrations of bacteria expressed as collforms per 100 ml., phenols In parts 
per billion and all other data in parts per million. 

Nitrogen 
Compounds 





Distance 
from 
shore 




as N 


Phosphates 
as P04 


Total C 
Phenols B 






MH3 

Test 


Kjeldahl 
Test 


ollform 


Date 


Total Soluble 
0.10 


acterla 


July 21 


100 feet 


0.3 






250 " 




0.3 


0.31 








500 " 














1000 " 




1.2 


0.05 








^ mile 




0.0 


0.03 


:j 






1 




1.6 


0.18 








1% " 




0.9 


0.08 








2 " 




0.3 


0.21 






July 29 


100 feet 
250 " 
500 " 
1000 " 
^ mile 
1 

1% 
2 


0.03 
0.03 
0.05 
0.03 
0.06 
0.09 
0.04 
0.04 


<0.05 
^0.05 

0.7 
^0.05 
0.8 
0.4 
0.5 
0.2 








Aug. 4 


100 feet 


0.07 


1.9 


0.13 




200 




250 " 


0.10 


0.6 


0.07 




470 




500 •• 


0.07 


0.5 


0.08 




im 




1000 •• 


0.08 


0.4 


0.08 




54 




^ mile 


0.07 


0.6 


0.11 









1 


0.14 


0.2 


O.ll 









1% - 


0.04 


0.2 


0.07 




i 




2 " 


0.2 


0.6 


0.05 




Q 


Aug. 10 


100 feet 


0.07 


1.4 


U.40 




160 




250 " 


U.06 


0.9 


0.32 


2 


,500 




500 " 


U.06 


0.8 


0.09 


2 


,500 




1000 " 


0.03 


0.7 


0.09 




59 




k mile 


0.02 


0.5 


0.16 




'^' 




1 


0,04 


below .2 


0.05 




""■'i! 




Ik " 


0.04 


1.4 


0.05 




ii 




2 " 


0.02 


0.3 


0.05 




m 


Aug. 18 


100 feet 


0.06 


0.4 


0.03 


7 


,400 




250 " 


0.03 


0.3 


U.03 


ia; 


,000 




500 " 


0.07 


0.4 


0.16 


15, 


,000 




1000 " 


0.07 


0.2 


0.05 




88 




^ mile 


0.06 


0.3 


0.03 




II 




1 •' 


0.04 


0.3 


0.04 








Ih •• 


0.07 


0.3 


0.02 




"1 




2 


0.08 


0.3 


0.05 




t 
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XPPENDIX TABLE III (Continued) 









Nitrogen 










■« 






Compounds 












Distance 

from 
shore 

100 feet 




as N 


PhOB 

as 


phates 
P04 


Total 
Phenols 








NH3 

Test 

0.03 


Kjeldahl 
Test 


Collform 


Date 


Total 
0.52 


Soluble 


Bacteria 


Aug. 24 


0.9 


1 




250 


ft 


0.03 


0.6 


0.00 












500 


»» 


0.03 


0.7 


0.00 












1000 


ri 


0.05 


0.7 


0.00 












h 


mile 


0.02 


0.6 


0.00 




3 







1 


»» 


0.02 


0.6 


0.00 




3 







1% 


It 


0.03 


0.5 


0.00 




2 


1 




2 


II 


0.02 


0.7 


0.00 




2 


3 


Aug. 31 


100 


feet 


0.03 


1.2 


0.01 


0.01 





2 




250 


It 


0.04 


0.6 


0.01 


0.01 





1 




500 


II 


0.03 


0.7 


0.01 


0.01 





2 




1000 


II 


0.03 


1.2 


0.03 


0.01 





64.000 




h 


mile 


0.03 


0.4 


0.03 


0.01 










1 


II 


0.04 


0.3 


0.05 


0.01 





16 




1% 


II 


0.03 


0.6 


0.01 


0.01 





90 




2 


II 


0.11 


0.4 


0.01 


0.01 





6 


Sept. 8 


100 


feet 


0.08 


1.7 


0.03 


0.00 





30 




250 


II 


0.03 


0.7 


0.03 


0.00 





1,000 


' 


500 


II 


0.04 


0.3 


0.03 


0.00 





3,000 




1000 


II 


0.03 


0.4 


D.OO 


0.00 


a 


100 




\ 


trflle 


0.20 


0.3 


0.05 


0.00 





100 


« 


1 


II 


0.10 


1.1 


0.00 


0.00 





46 




ih 


11 


0.03 


0.1 


0.08 


0.00 


2 







2 




0.03 


1.2 


0.01 


0.00 








Sept. 21 


. 100 


feet 


0.12 


0.65 


0.05 


0.00 





2 




250 


II 


0.03 


0.2 


0.05 


0.00 










500 


n 


0.03 


0.06 


0.05 


0.00 










1000 


II 


0.03 


0.1 


0.05 


0.00 










h 


mile 


0.03 


0.06 


0.05 


0.00 










1 


II 


0.03 


0.06 


0.05 


0.00 










ih 


•I 


0.03 


0.2 


0.05 


0.00 










2 


II 


0.03 


0.06 


0.05 


0.00 





1 
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APPENDIX TABLE IV 



Concentrations of nitrogen and phosphorus nutrient compounds in 
various algicidal test plots. 

TREATMENT AREAS 



Date 


Location 


NH^ 


July 21 


Test area 1 
2 
3 




July 29 


Test area 1 
2 
S 


0.09 
0.04 
0.06 


Aug. 4 


Test area 1 
2 


0.06 
0.24 
0.18 


Aug. 10 


Test area 1 
2 
3 


0.9 
0.8 
0.5 


Aug. 18 


New plots 
W. Bronte 

4 

i 
f 

i 

9 


0.03 
0.03 
0.05 
0.03 
0.03 
0.03 



Nitrogen as N 

Total 
N03 Kjeldahl 

1.0 
2.4 
0.3 



0.8 
3.0 
0.9 



0.9 
0.5 
0.5 

<0.05 

< .05 

< .05 



1.2 
0.3 
1.8 
0.3 
0.8 
0.8 



phosphates 

as P04 

Total Ortho 



0.05 
0.16 
0.06 



0.11 
0.07 
0.07 

0.05 
0.05 
0.05 



0.05 
0.10 
0.08 
0.05 
0.16 
0.08 
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APPENDIX TABLE V 



Concentrations of nitrogen compounds, total phosphates, phenols and 
•conform bacteria at miscellaneous stations in Lake Ontario, between July 
21 and September 8, 1959. Concentrations of bacteria expressed as con- 
forms per 100 ml., phenols in parts per billion, all other data in parts 
per million. 



Date 



Location of Station 



Nitrogen 

Compounds Total 

as N Phos- 

M3 Kjeldahl phates 

TesC Test &s P04 



Phenols 



Conform 
Bacteria 



July 21 Mouth of Credit River 
" " Oakvllle Creek 



II 



fi 



Bronte Creek 



1.3 
1.2 
2.1 



0.21 
0.10 



Aug. 4 Mouth of Credit River 
" " Oakvllle Creek 
M " Bronte Creek 



1,000 
300 
110 



Aug. 10 MoutH of Credit River 
" " Oakvllle Creek 
" " Bronte Creek 



2,600 

12,000 

94 



Aug. 18 Mouth of Credit River 
" " Oakvllle Creek 

Aug. 24 Mouth of Credit River 
" " Oakvllle Creek 
It It Bronte Creek 

Aug. 31 Mouth of Oakvijlle Creek 
•' " Bronte Cre^k 

Sept. 8 Mouth of Credit River 
" " Oakvllle Creek 
" " Bronte Creek 



0.2 
1.0 


0.7 
1.5 


0.91 
0.65 




22,000 


0.03 
0.30 
0.05 


0.1 
1.9 
0.2 


0.12 
0.31 
0.05 


i 

3 


150 

710 

20 

400 
3 

1,800 

8,600 

3 




CLADOPHORA INVESTIGATIONS 
- I960 - 



A Report of 

Observations on the Nature and Control of 
Excessive Growth of Cladophora sp. in 
Lake Ontario and Lake Erie 



Dvmcan A. McLarty 



The 
Ontario Water Resources 
Commission 



R-62-1 



This project was carried out by the Ontario Water Resources 
Commission under the direction of John H, Neil, Supervisor, Biology- 
Branch of the Commission's Division of Laboratories. Dr. Duncan A. 
McLarty, Department of Botany, University of Western Ontario, was in 
charge of the field work. 



ACKNOWLEDGEMENTS 

The technical officers of a number of chemical companies 
provided very appreciable aid through generous donations of time 
and materials. Special mention should be made of the Shell Oil 
Company of Canada and of the Pennsalt Chemicals Corporation. 

Ernest Ott, Port Golborne, and Bruce Blanchard, Lowbanks, 
by the provision of boats and other facilities, gave valuable 
assistance in connection with studies conducted in Lake Erie. 



TABLE OP CONTENTS 

SUMMAHY AND RECOMMENDATIONS 1 

INTRODUCTION 4 

METHODS, MATERIALS AND PROCEDURES | 

Basic Equipment j 

Algicidal Chemicals Tested g 

Experimental Plots and Sampling Stations g 

Applications of Algicidal Chemicals f 
Observations on Algal Growth and Shore Accumulation 



RESULTS OP THE GLADOPHORA INVESTIGATIONS 11 

Observations of Lake Conditions 11 

Meteorological Data taken at Toronto, Ontario Ik 
Observations Concerning General Meteorological Conditions 1^ 

Algal Growth and Shore Line Accumulations 15 

Control of the Alga by Chemical Means 18 

EXPERIMENTS INVOLVING ARTIFICIAL FERTILIZATION OF NATURAL WATERS 19 

Chemical Analyses of Lake Samples 21 

DISCUSSION 22 

Algal Production 22 

Algal Accumulations 26 

Mechanical Control of Nuisance Conditions 26 

Chemical Control of Cladophora 2? 

Other Conditions Concerning Algal Control 28 

APPENDIX 31 



- 1 - 



SUMMARY AND RECOMMENDATIONS 

Summary 

1. The period and extent of growth in Lake Ontario in I960 
was similar to that observed in 1959. Cladophora was 
first observed arising from a prostrate, perennial, 
basal structure on the rocky substratum on May 25, 
Subsequently, a uniform growth was produced in suit- 
able areas bearing up to approximately six feet of water. 
The first crop matured and floated free late in July and 
was replaced by a second crop which persisted beyond the 
period of observation in the fall. 

2. The degree of growth was much less in I960. In most areas 
the filaments did not exceed six inches in length at arjty 
time. Shore-line accumulations were minimized but not 
eliminated by virtue of the large area of growth involv- 
ed and by the drifting together of material from distant 
points. 

3. It is difficult to explain the marked reduction in growth 
in i960. It was observed, however, that the lake was very 
turbid throughout the season; radiation was much reduced 
in i960 while rainfall Was more abundant. The latter 
feature may, in terms of dilution of nutrient minerals in 
water along the shore, be related to the lower nitrogen 
and phosphorus content of the shore-line samples taken in 
I960. 
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4. In Lake Erie, Cladophora was found only on suitable 
exposed rocky reefs which were somewhat removed from shore. 
Although the water was clear in these areas, the Clado* 
phora appeared no more green and healthy than in the 
turbid waters of Lake Ontario and the extent of growth was 
similar to that in Lake Ontario. The ability of this alga 
to eventually contaminate shore-lines which are obviously 
far removed from the source was clearly demonstrated. 

5. Applications of Aqualin were made at the rate of 3,6 and 
9 ppm in Lake Ontario. Although much killing occurred in 
the test areas, the individual plots were not clearly 
recognizable as they were in 1959 under similar conditions. 
Diffusion or current action obviously had distributed the 
algicide over a considerable area. Observation of the 
Plots was difficult due to persistent rou^ weather and 

to conditions of high turbidity. 

In Lake Erie, applications of Aqualin at rates of 2 
and 6 ppm had no significant influence. It is presumed that 
wave action on the very exposed site diluted the chemical 
telow its effective level of concentration. 

6. In Lake Erie, copper sulphate, sodium arsenite and Endothol 
were applied with no significant result. TD-47, however, 
applied at the rate of 0,5 ppm, achievwd complete control 
on one acre of Cladophora . 
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RECOMMENDATIONS 

In view of the results obtained and reported, the follow- 
ing reconimendations are made. 

1. This investigation should be continued in order to 
capitalize upon results already obtained. The factors 
contributing to and controlling the growth of Clado- 
phora under conditions found in large bodies of w^ter 
are almost virtually unknown aside from our own obser- 
vations. Seasonal variations in physical and chemical 
environmental factors may only be determined by and 
evaluated, in terras of algal production, on the basis 
of observations taken over a period of years. 

2. For the testing of algicidal chemicals, representative 
areas which are capable, nonetheless, of some confine- 
ment and control must be -sought otherwise, in open 
water locations in the Great Lakes, larger test areas 
must be employed to minimize the dilution factor which 
is introduced by diffusion, currents and wave action, 

3. Laboratory and field experiments, designed to provide 
concrete fundamental knowledge concerning the biology 
of Cladophora , upon which its growth and the ultimate 
intelligent control of its growth will depend, must 
be lindertaken. Such information is almost totally 
lacking at the present time. 

4-. In the course of such controlled experimentation, 



approaches to control meausres, other than by classical 
chemical means, should be considered. Biological means 
of control, for example, should not be disregarded. 
5. In conjunction with these studies, information concern- 
ing the general properties and characteristics of 
algicidal and herbicidal chemicals, currently being 
produced and promoted for use in natural waters, should 
be determined to enable the Commission to certify these 
chemicals and regulate their future use. 

INTRODUCTION 

During the summers of 1957 and 195S, excessive growths 
of Cladophora occurred on rocky out-crops along the north-westerly 
shores of Lake Ontario, When the crop matured and floated free, 
large masses of disintegrating alga material accumulated along 
the shoreline. As a result, the lake front was rendered almost 
uninhabitable for a period of time and the resultant odor was 
apparent for as much as one mile inland. Lake shore municipal- 
ities and private owners were concerned and their problem was 
brought to the attention of the Ontario Water Resources Commission. 
Field studies which were conducted under the direction of the 
Commission in 1959* have been reported and the studies have been 
continued in I960, 

Initially it was proposed to test all available algi- 
cidal chemicals with respect to their effectiveness in the control 
of Cladophora production and with regard to the dangers and problems 
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associated with their use. The primary purpose of the investiga- 
ion was to selectj if possible, a compound which might be safely 
recommended for use by interested municipalities or individuals. 

Moreover, the investigations conducted in 1959 demon- 
strated the need for fundamental information concerning the bio- 
logy of the organism itself and of the chemical and physical 
features of the lake environment upon which excessive growths 
may depend. 

Accordingly, preparations were made for intensive 
studies of the growth and accumulation of Cladophora in the immed- 
iate vicinity of Oakville and Bronte and of chemical means of 
control. Subsequently? the studies were extended to include 
investigations at various points in Lake Erie* 

METHODS, MATERIALS AND PROCEDURES 
Basic Equipment 

Sampling stations were marked by anchored wooden spars. 
Test plots, for application of algicidal chemicals, were measured 
and buoyed in areas bearing one to six feet of water. Fish net 
floats were used as markers for the plots which were one half 
of one acre in extent, 

A 16- foot aliiininum boat, powered by a 18 horse power 
outboard motor, was used for all water sampling and spray applica- 
tions. This boat, which wr r; provided by the Commission, was 
equipped with a trailer to )ermit its use in many locations. 

A gasoline powei f i centrifugal pump was prepared for the 



- 6 - 



application of chemicals in solution. The pump was equipped with 
a dual intake and attached to a fourteen foot boom. The boom was 
mounted on the stern of the boat and supplies with four submerged 
nozzles. Concentrated solutions were metered in on the suction 
side of the puunp, diluted with a large volume of lake water and 
applied to the lake bottom over a sixteen foot strip. By this 
means applications were made uniforraally and with reasonable 
rapidity. 

Applications of crystalline materials were made using 
a Cyclone Seeder. 

Water samples wire taken at various distances from shore 
to be analysed in the laboratories of the Ontario Water Resources 
Commission. 

Algicidal Chemicals Tested 

It is probably significant that, in areas where aquatic 
weed and algal control programs have been carried out for more 
than a quarter of a century, the classical compounds, copper sul- 
phate and sodium arsenite are still used almost exclusively for 
routine, extensive control operations. In a compilation of in- 
formation derived from recent research on aquatic weed and algal 
control in the United States, Mr. Kenneth M. Mackenthun reports, 
in addition to results on more recently developed compounds the 
continued reliance upon these copper and arsenic compounds in con- 
trol measures applied in the state of Wisconsin, 



Mackenthun, Kenneth M. , 1959 Summary of Aquatic Weed and Algae 
Control Research and Related Activities in the United States. 
Wisconsin Committee on Water Pollution, 
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The toxicity of copper in respect to plants generally 
is well known and applications of copper sulphate, particularly 
as a control for planktonic algae, have been made for many years. 

Arsenic Trloxide (sodium arsenite) has been applied 
widely in the control of rooted aquatics and, in some instances, 
for the control of certain green filamentous algae. 

Chemicals of more recent origin are available for use 
as herbicides and algicides. In many cases, however, their 
effectiveness under various specific conditions is not known 
and their toxicity to fish and other wildlife is often only 
partially determined. In most cases the cost relationships are 
such that, for general application, they will be able to com- 
pete economically with the classical compounds only if they prove 
to be much more efficient. 

Endothol, prepared and supplied by the Pennsalt Chemicals 
Corporation, is the disodiian salt of 3i 6 endoxohexahydrophthalic 
acid. Used as an herbicide originally, it has been suggested for 
the control of aquatic growths since 1956. It is available in 
liquid and granular formulations and has been reported as effect- 
ive against algae and aquatic weeds in concentrations ranging from 
1-3 ppm. 

TD-47 herbicide is another derivative of the endoxohexa- 
hydrophthalic acid which available for experimental use only. 
Produced originally as a pre-emergent herbicide, it is suggested 
as an aquatic herbicide to be used at concentrations ranging from 
0.25 to 1.0 ppm. 



Aqualin, a solution containing &5% acrolein, has been 
prepared and promoted by the Shell Oil Company, Although its 
properties require special care in handling and its toxicity is 
such that universal application may not be possible, the effect- 
iveness of this chemical in the control of aquatic growths, both 
rooted and algal, is most encouragingo 

For the adequate and economic control of aquatic weeds 
and algae in large systems, such as Lake Ontario, an exceedingly 
effective, quick acting chemical with low toxicity to wild life 
is required to overcome the massive dilution effects of wave and 
current action. 

Experimental Plots and Sampling Stations o 

In Lake Ontario, algicide testing plots were selected 
in the area between Coronation Park and Bronte. Arri*hgements were 
made with a local commercial applicator that no operations would 
be carried on in this vicinity which would in any way influence 
the testing procedures of the Commission. One half acre plots 
were used in this case. 

In Lake Erie, plots were selected on the southerly side 
of Mohawk Island where, on extensive rocky ledges two miles from 
the main shore, uniform beds of Cladophora were observed. On the 
southerly side of Stoney Island, located about one mile from 
shore, other plots were established. In each case, one acre plots 
were used. 

Chemical samples were taken at shore line stations either 
side of Bronte. One station was located fifty feet from shore 
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one mile west of the Pig and Whistle Restaurant in an area used 
for algicidal chemical tests in 1959. A second station was 
located fifty feet from shore half way between Bronte and Coro- 
nation Park. At the westerly boundary of Coronation Park sampling 
stations were established 100» 25O, 500 and 1000 feet from shore 
with additional stations one half and one mile from shore. 

Applications of Algicidal Chemicals 

On June 7» I960, three test plots were treated in the 
vicinity of Coronation Park with the co-operation of members of 
the Shell Oil Company of Canada. 

Plot #1 - 3.0 p. p.m. "Aqualin" 

Plot #2 - 6.0 p. p.m. "Aqualin" 

Plot #3 - 9.0 p. p.m. "Aqualin" 

At the time of application the lake was clear and calm. 
The water temperature was 57»F. . and the rocky bottom was covered 
by a uniform growth of Cladophora approximately four inches in 
length. 

On August 11, i960 in co-operation with members of the 
Shell Oil Company of Canada, applications were made on one acre 
plots off Mohawk Island in Lake Ontario. 

Plot #4 - 2.0 p. p.m. "Aqualin" 

Plot #5 - 6,0 p. p.m. "Aqualin" 

At the time of application the water temperature in the 
plots was 71 "'F and the water was crystal clear. The rocky bottom 
was covered with a uniform, continuous growth of Cladophora 
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approximately six inches in length. Excepting when occurring at 
the water line on large, emergent rocks, the alga appeared pale 
and did not display the deep green colour usually associated with 
the alga. 

During the period of application a stiff southwesterly 
breeze got up for a time and rough water over the ledge almost 
forced the discontinuance of operations. 

On August 18, I960, applications of algicidal chemicals 
were made at Stoney Island, 

Plot #6 - 10,0 p. p.m. copper sulphate crystals 
Plot #7 - 10.0 p. p.m. sodium arsenite solution 
The water temperature in the plots was 1^°Y and the 
bottom was covered by a dense growth of Cladophora which was four 
to six inches in length. The pale, yellowish condition of the 
alga persisted. The lake was calm. 

On August 24, I960, applications of Endothol and a 
liquid preparation of TD-47 were made on one acre plots off 
Mohawk Island. Of these chemicals supplied by Pennsalt ChemicsQs 
Corporation, the latter is a recently developed compound which is 
available only in limited amounts for experimental purposes. 

Plot #8 - 2.0 p.p.Hi. Endothol 
Plot #9-0,5 p. p.m. TD-47 solution 

At the time of application the water temperature was 
70®F and the lake was calm. The Cladophora growth was dense and 
uniform throughout the plots. It approximated six inches in length 
and showed the yellowish colour which characterized the growth as 
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it was observed in I960. 

Observations on Algal Growth and Shore Accumulation 

From mid-May to early September the condition and growth 
of Cladophora in Lake Ontario was observed, Shore conditions were 
noted periodically from Port Credit to Burlington and, in relation 
to reports of commercial control procedures, detailed observations 
were made of shore line accumulations of Cladophora on July 15 
and August 26. 

Periodically throughout the summer observations were 
made on south shore of Lake Ontario near Stoney Creek with refer- 
ence to Cladophora production. 

On July 26, I960 observations were made of the Lake Erie 
shore line, and of the lake from Cedar Crest, west of Port Colborne 
to Humber stone Community Beach, Throughout August and in early 
September observations and tests were made on Lake Erie in the 
vicinity of Lowbanks, a small community west of Port Colborne, 

RESULTS OF THE CLADOPHORA INVESTIGATIONS 
Observations of Lake Conditions 

In Lake Ontario, in the Oakville-Bronte area at least, 
high turbidity persisted throughout the season. To some extent, 
at points east of Bronte this condition might be attributed to 
heavily silted waters observed flowing into the lake at Bronte 
and being carried eastward in the prevailing drift. It should be 
recorded, however, that west of Bronte in the vicinity of Burling- 
ton and east of Oakville conditions were not significantly different. 
For the most part the bottom was quite invisible in areas with 
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more than even one foot of water. 

On a few occasions the water was clear and the bottom 
conditions readily discernible. The growth of Cladophora was 
uniform but never extensive in length and usually heavily silted. 
This condition undoubtedly contributed to the pale, yellowish 
appearance which characterized the algal growth in I960, 

In the course of the sximmer, Cladophora filaments did 
not attain a growth of more than a few inches in any of the areas 
under observation. The initial growth in early June was rapid 
and widespread but the total production in I960 was far below that 
experienced in 1959. Difficulties associated with the observation 
and assessment of plots before and after chemical treatment and 
the almost static condition of the algal growth, combined to create 
a situation in Lake Ontario which was very unfavourable for algal 
control investigations. 

In Lake Erie the circumstances associated with Clado- 
phora production differ in one significant way from those pre- 
valent in Lake Ontario. The shore line in the Port Colborne 
district, for example, consists of bays with sandy, silted bottoms 
in which various rooted aqioatics are established but where no 
Cladophora occurs. Between the baysj however, rocky points extend 
out into the lake, sometimes a great distance, on which the beds 
of Cladophora are found. At Mohawk Island such a series of rocky 
ledges extends several miles from the island in a southeasterly 
direction. In a similar fashion shoals occur in the vicinity of 
Stoney Island which create large areas suitable for Cladophora 
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production. 

These areas i remote from shore, were not subject to 
silting, as has been described for Lake Ontario locations. The 
algal growths, however, appeared pale and yellowish and were 
limited in linear development as has already been described for 
Lake Ontario growths in I960. 

Bearing in mind that only a fraction of the Cladophora 
crop is required to create a problem along the shore, these remote, 
extensive beds may represent a serious source of trouble even when 
the growth is actually minimal. Moreover, in these exposed posit- 
ions, rough water often occurs which stimulates Cladophora pro- 
duction but which makes the chemical control of the alga very 
difficult by promoting a rapid dilution of the algicide. 

Throughout the period of investigation in 1959 the sur- 
face temperature of Lake Ontario fluctuated around 65°F and, at 
times late in the season, dropped to as low as 48*'F, 
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TABLE I 



Meteorological Data taken at Toronto Ontario. 





May 


June 


July 


Aug 


Sept. 


Mean Air Temperature 












F 1959 


5f 


6S 


n 


74 


66 


1960 


56 


65 


69 


69 


65 


Normal 


55.2 


65.6 


70.7 


68.8 


61.2 


Total Precipit- 












ation 1959 


1.19 


1.14 


1.23 


1.35 


3.79 


I960 


5.29 


2.43 


4.3a 


1.23 


0.31 


Normal 


2.65 


2.70 


3.23 


2.39 


2.67 


Bright Sunshine 












hours 1959 


247.3 


252.5 


293 ol 


251.3 


222.4 


I960 


144.0 


265.1 


307.1 


291.2 


181.1 


Normal 


222. g 


265.3 


269.4 


260.8 


194.0 


Radiation 












B.T.U./ft^ 












1959 


5S287 


61510 


66037 


53888 


41605 


I960 


44007 


60771 


62^71 


57312 


38979 


Normal 


380gg 


51097 


59911 


57821 


51999 



Observations Concerning General Meteorological Conditions 

As shown in Table I the hours of bright sunlight, re- 
corded for Toronto, were greater in June, July and August, I960, 
than in the corresponding months in 1959. It may be noted that in 
May, i960, the hours of bright sunlight were less than normal and 
much less than those recorded for May, 1959. The total radiation 
recorded for May to September in 196C was uniformally less than in 
1959 excepting for August, During fis month the radiation was 
less than normal but greater than th: radiation recorded in August 
1959. Associated with these records ire the mean air temperatures 
which, in I960, were uniformally les ; than corresponding air 
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temperatures recorded for 1959. 

These data, when considered along with the conditions of 
high turbidity which were experienced in Lake Ontario in I960, 
suggest that a reduction in solar radiation may explain, in part, 
the general reduction in growth of Cladophora in Lake Ontario during 
I960. 

The meteorological records show, in addition, that pre- 
cipitation was generally higher than normal in May, June, and July, 
i960, and much higher than in the corresponding period in 1959» 
In August and September, however, the rainfall was less in I960 
than in 1959. The heavier precipfitation early in the growth period, 
and the consequent dilution of the lake water along the shore 
particularly, may be associated with the generally reduced chemical 
nutrient content of lake samples taken from these locations in I960, 

Algal Growth and Shore Line Accumulations 

The first filamentous growths of Cladophora were observed 
arising from the yellowish, squamous, perennial base on May 25, I960. 
At that time the filaments consisted of less than a dozen cells. 
In the subsequent two week period, up to June 7, I960, when first 
applications of algicidal chemical were made, the alga attained a 
length of four to six inches. Subsequently, however, it made very 
little growth and appeared to be essentially quiescent. The total 
algae production in I960 was significantly less than in 1959. 

As a consequence, the algal accumulations along the shore, 
creating nuisance conditions, were at a minimum in I960. No massive 
accumulations were observed. Minor washings were observed on June 
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20, These were comprised of very short fragments of Cladophora . 
Observations, along the shore from near Port Credit to near 
Burlington on July 15 and August 26, I960, which were made with 
reference to reports in the press by a local commercial applicator, 
provided useful information. While no large accumulations were 
observed on July 15, conditions seemed to be slightly better in the 
Oakville area where control measures had been commercially applied. 
On August 26, however, the situation was quite reversed. The 
position of the accumulations indicated that wind direction, curr- 
ents, and natural and artificial obstructions along the shore 
determine the location of accumulations of algae. As in Lake Erie, 
the algal material may be carried some distances from point of origin. 

On July 26, local accumulations were observed along the 
shore of Lake Erie in the vicinity of Port Colborne« At two locat- 
ions mechanical removal had been attempted but it was found to be 
quite impractical because the algal material continued to accumu- 
late under the influence of on-shore winds. At Cedar Bay, Silver 
Beach and Humber stone Community Beach, where commercial control 
measures were said to have been applied, varying conditions ex- 
isted which were in no way different from those observed in un- 
treated areas west of Port Colborne, 

On August 2 5» shore line accumulations were reported to 
have occurred during the previous two week period on the south 
shore of Lake Ontario in the vicinity of Stoney Creek, The area 
was quite clear at the time and no further information was avail- 
able. 
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TABLE II 
Summary of results of applications of algici^es for the 
control of Cladophora sp. 



Date of 

Appli- 

cation 

June 7 



June 7 



Aug. IS 



Aug. 24 



NTimber 



Test Plot 

Location 
of 
Plot 



Application of Alpicide 



June 


7 


3 


Aug. 


11 


4 


Aug. 


11 


5 


Aug. 


1& 


6 



9 



Near 

Coronation 

Park 



Mohawk 
Island 



Stoney 
Island 



Mohawk 
Island 



Chemical 
Used 

Aqualin 



Aqualin 

Aqualin 
Aqualin 

Aqualin 

CuSO/^5H20 
crystals 



NA2HASO3 

Endothol 
TD-47 



Concen- 
tration 
in ppm 



9 
2 

6 

10 



10 

2 

0.5 



Result 

Complete 
eradication 
in irregular 
areas. In- 
dividual 
plots not 
discernible 
Buoys re- 
moved by 
storm 
Turbidity 
difficulties. 

No control 



No control 

Terminal 
burning on 
505^ of crop. 
Mainly re- 
covered in 
three weeks. 

Temporary 
burning 
Complete 
recovery in 
three weeks. 
No control 



90?f eradi- 
cation after 
two weeks 



♦ In the case of copper sulphate and "Aqualin'' con- 
centrations are calculated in terms of the compound. Sodium arsenite, 
Endothol and TD-47 are calculated in terms of the active component. 
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Control of the Alga by Chemical Means 

The results of applications of algicidal chemicals are 
summarized in Table I. 

Due to high turbidity and storms it was not possible to 
observe the plots for two weeks following applications of Aqualin 
on June 7. When observed on June 20, the markers had b^en carried 
away and the plots were not discernible. The alga, however, had 
been eradicated over a considerable area in the vicinity of the 
plots. It was apparent that a good deal of diffusion of the 
chemical had occurred. 

Applications on plots 4 and 5 at Mohawk Island produced 
no significant result. It should be noted, however, that, due to 
difficulties with respect to calibration of the pvimps, slightly 
less that 2,0 p.p.m, was applied on plot k- and a result was not 
anticipated. Rough lake conditions, which developed during the 
application, may well have diluted the chemical severely before 
any influence on the growth was possible. 

Copper sulphate and sodium arsenite, applied at the rate 
of 10 p.p.m,, had very little significant and permanent effect. 
Killing was confined to the terminal branches of approximately 50% 
of the growth. After three weeks, the green ^ unaltered basal growth 
was again exposed by the sloughing off of the dead, terminal fila- 
ments. 

Endothol, applied at the rate of 2,0 ppm had only a 
temporary influence on the Cladophora but TD-47 produced a 
kill when applied at the rate of 0.5 p.p.m. 
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It should be emphasized that all of the experimental plots 
in Lake Erie were in very exposed locations which are subjected to 
great mixing when even moderate wave action occurs. The positive 
action of TD-47 in this type of location is suggestive of very great 
efficiency. 

EXPERIMENTS INVOLVING ARTIFICIAL FERTILIZATION OF NATURAL WATERS 

With respect to excessive algal growths it is often 
assumed that increased mineralization of streams and lakes i by run- 
off waters from rich agricultural land and by the discharge of 
domestic and industrial sewage effluents, is the determining factor. 
In the absence of proof, however, this remains purely an assumption. 

If, in a barren area otherwise suitable for Cladophora 
production, applications of various fertilizer salts would induce 
the growth of the alga, evidence of the importance of increased 
concentrations of nutrient salts would be obtained. Consequently, 
some experiments were undertaken by Mr, Nell in suitable locations 
in Georgian Bay. 

In the vicinity of Methodist's Point, a rocky area was 
selected where no Cladophora was observed. The alga was observed, 
however, at various locations remote from the test area. Stations 
were established at points about one h^lf mile apart in water approxi- 
mately two feet in depth. Applications of nutrient elements were 
made on J\ine 26, by anchoring bags of commercial fertilizer at 
various stations, as listed below, and allowing the salts to diss- 
olve over a period of time. 
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1. Aeroprills (Cyanamid of Canada Ltd.) - 33-55^ Nitrop;en 

2. Super phosphate (Canadian Industries Ltd.) - 20% active 

3. Turf Special (Canada Packers Ltd.) -10-6-4 analysis 

4. Milorganite - 5.5-4-0 analysis 

When examined on July 29, all of the chemicals, with the 
exception of some super phosphate, had dissolved. Additional 
applications were made in the same manner as described above. 

Cladophora was not induced to become established in any 
of the areas to which fertilizer were added. With the exception 
of the appearance of a growth of an unspecified green alga in the 
vicinity of the super phosphate station, the applications of 
nutrient elements produced no apparent result. 

In such an experiment > of course, only a positive result 
would be significant. The absence of any result whatever may de- 
pend upon one or several of many possible factors. For example, 
the concentration of the nutrient elements attained may not have 
been high enough to be significant or other environpiental factors 
may have been limiting. Reproductive units of Cladophora may 
have been carried into the area from the distant growths or addi- 
tions of these nutrients may not be a determining factor in the 
establishment of growths of Cladophora , It should be recalled, 
however, that artificial fertilization is practised to increase 
the productivity of fish ponds by stimulation of planktonic 
growth . 

It is possible that similar experiments, conducted under 
different circumstances, might yield interesting results concerning 
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the relationship between levels of concentration of nutrient salts 
2nd excessive algal growth. 

Chemical Analyses of Lake Samples 

The results of chemical analyses and bacteriological 
counts, made on water samples taken from Lake Ontario in I960, are 
recorded in Tables I to VI of the appendix. Averages, maximum and 
minimum and median values are recorded for each individual station 
and average concentrations and counts for each sampling period 
throughout the season are included. 

The nitrogen and phosphorus concentrations, with the ex- 
ception of ammonia tend to decrease throughout the season (Table 
III), More significantly, perhaps, ammonia and total nitrogen 
concentrations decrease from June 22 to July 20, attain a second 
maximum early in August and then decline again to the end of the 
sampling period. Total and soluble phosphorus concentrations show 
a similar pattern, but the second maximum concentration occurs 
earlier, on July 27. These patterns may be related to the crop 
cycle noted for Cladophora . 

When the mean concentrations of nitrogen and phosphorus 
compounds, at all stations within 100 feet of shore, are compared 
with the mean concentrations in all off-shore samples, some 
evidence of shoreline accumulations of nutrient elements is obtain- 
ed. In Table III these calculations are summarized along with 
early season and late season average means. 
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TABLE III 



Variation in average mean concentrations of nutrient 
elements with reference to the season and in respect 
to distance from shore expressed in p. p.m. 





Early- 
Season 


Late 
Season 


On- 
shore 


Off- 
shore 


Ammonia 


0.17 


o.ia 


0.22 


0.10 


Total 
Nitrogen 


0.44 


0.37 


0.41 


0.35 


Total 
Phosphorus 


0.11 


0.07 


0.08 


0.06 


Soluble 
Phosphorus 


0.05 


0.03 


0.04 


0.03 



From the results of another research project carried out 
by the Commission it was found that the average result of total 
phosphorus determinations from open water areas of Lake Ontario 
was 0.057 ppra as compared with the mean of the shore samples 
taken of 0,074 ppm. The mean of samples taken from the open 
water areas of Lake Erie was 0.073. 

DISCUSSION 
Algal Production 

The most outstanding feature of the I960 survey was the 
marked reduction in the growth of Cladophora , which was observed 
at all locations studied in both Lake Ontario and Lake Erie. In 
1959 the first crop attained growths up to three feet and the 
second crop was approximately one foot in length. For the most 
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part the growth was deep green in color. In I960 the free filament- 
ous growth was never greater than approximately six inches in length 
and excepting for growths observed at the water-line on rocky 
outcrops J the alga appeared generally chlorotic. 

For Lake Ontario, the very turbid condition of the watar 
which prevailed throughout the season might be considered as a 
factor contributing to the reduced algal growth. In the Cladophora 
bearing areas in Lake Erie the water was very clear. The appear- 
ance and extent of the algal growth, however, was not unlike that 
in Lake Ontario. 

As presented in Table I, records compiled for the Toronto 
area show that radiation was high both in 1959 and in I960 in 
comparison to average values. In 1959s however, radiation was 
particularly high and associated air temperatures in 1959 ex- 
ceeded those recorded during a similar period in 1960o These 
figures may be considered significant for the Bronte area and, in- 
so-far as they reflect meteorological conditions which prevailed 
generally in southwestern Ontario, they may be applied, to some 
extent, to Lake Erie locations. Reduced radiation during the grow- 
ing period, may have contributed to the generally reduced algal 
growth observed in both lakes in 1960. 
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TABLE IV 



Average mean concentrations of nutrient elements contained 
in shore and lake samples taken in Lake Ontario in 1959 
and I960 expressed in ppm and compared with seasonal average 
concentrations recorded for Sturgeon Lake during 1952-55. 



Element 


1959 




L960 


Sturgeon Lake 


Ammonia 


*Shore - 
Lake - 


0.06 
0.05 


Shore 
Lake 


- 0.22 

- 0.10 


**Station #7-0.05 
Station #3-0.65 


Total 
Nitrogen 


Shore - 
Lake - 


0.94 
0.49 


Shore 
Lake 


- 0.41 

- 0.35 


Station #7-2.12 
Station #3-5.24 


Total 
Phosphorus 


Shore - 
Lake 


0.17 
0.06 


Shore 
Lake 


- 0.08 

- 0.06 


Station #7-0.147 
Station #3-0.966 


Soluble 
Phosphorus 


«*=<=Shore - 
Lake - 


0.01 
0.01 


Shore 
Lake 


- 0,04 

- 0.03 


Station jf7-0.02 
Station #3-0.59 



« Shore Stations within 100 feet of Shore, 

** Station #7 was representative of lake conditions and Station 

#3 represented the Scugog River 0.6 miles below a sewage 

out fall. 
*** Based on 3 samples only. 



As shown in Table IV, total nitrogen and total phosphorus 
concentrations at shore stations in Lake Ontario were approxi- 
mately twice as great in 1959 » when excessive Cladophora pro- 
duction occurred, as in I960 when less algal production was observed 
This reduction in concentrations may be related to the diluting 
effect of the much heavier rainfall which occurred in the Toronto 
area in I960 {Table I). With respect to total phosphorus content, 
which is considered very significant with regard to the productivity 
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of lakes, concentrations in Lake Ontario 1959 approximated those 
recorded for Sturgeon Lake samples during the survey there. Under 
these conditions, both lakes were highly productive. Reduction 
in total phosphorus by one half in Lake Ontario in I960 may be 
highly significant in explaining the sharp reduction in product- 
ivity. The similarity between total phosphorus concentrations 
determined in I960 for shore stations in Lake Ontario and lake 
stations in Lake Erie, which represent the areas of Cladophora 
growth in the two lakes, adds emphasis to the importance of total 
phosphorus concentrations. 

Laboratory experiments demonstrate the importance of 
nitrogen concentrations in determining algal growth and a re- 
duction by one half in total nitrogen content in I960 may be very 
significant, particularly at this level of concentration. In 
Sturgeon Lake, by comparison, total nitrogen concentration approxi- 
mated 2.12 ppm (Table IV). 

Ammonia and soluble phosphorus, which have not been 
considered directly indicative of lake productivity, were present 
in somewhat higher concentrations in I960 than in 1959. 

The figures recorded in Table IV for Station #3 are of 
interest for purposes of comparison. This station was known to 
be influenced by the effluent from a sewage disposal system. 

On the basis of information provided by this survey, 
reduction in Cladophora production in Lake Ontario may be related 
to a reduction in radiation reaching the plants and to a reduction 
in fertility as indicated by smaller amounts of total nitrogen 



- 26 - 



and phosphorus in the lake water. 

Algal Accumulations 

Although the total production of Cladophora was much re- 
duced in I960, shore line accumulations were not eliminated. It 
has already been noted that the acreage involved in Cladophora 
production is very great in both Lake Ontario and in Lake Erie. 
Moreover, when the crop becomes free floating a large percentage 
of it may float freely and remain healthy for an extended period 
in free water. These masses may be carried for appreciable dis- 
tances to accumulate on the shore when prevailing winds are suit- 
able. 

Even when growth is at a minimum, massive accumulations 
of algal material may occur. It is obvious that, to control the 
nuisance conditions related to Cladophora growth, the alga must 
be eliminated almost completely over large areas. Local control 
will be of no practical significance. 

Mechanical Control of Nuisance Conditions 

In some localities beach conditions may allow the con- 
sideration of various physical means of removal of the algal 
material. In other localities such methods would not be possible. 
At the best, this type of procedure is difficult and expensive, 
the masses involved may be large and, depending upon the wind 
direction, the material may accumulate more rapidly than it is 
removed. 

The removal of obstructions at the water's edge, when 
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possible, may aid in preventing accumulations at a particular 
point and by allowing the area to be cleared by natural means 
if an accumulation has occurred. 

Chemical Control of Cladophora 

Growth conditions during the I960 season were not con- 
ductive to the testing of algicidal chemicals. In general the 
alga appeared unhealthly and in Lake Ontario the turbidity of 
the water made the observation of growth and the evaluation of 
results of applications of chemicals difficult, and, at times, 
impossible. 

No conclusive results were obtained with Aqualin in I960. 
One series of applications, made in June in Lake Ontario, were 
subject to a great deal of dilution by diffusion and current 
action. Although eradication of the alga occurred in the vicinity, 
the plots were not clearly discernible and the very positive 
result, obtained in the same area in 1959> was not duplicated. 

Later applications of Aqualin in Lake Erie were not effect- 
ive. In one case, due to faulty calibration of the equipment, an 
Ineffective concentration was applied. On another plot, 6 ppm was 
applied but strong wave action occurred during and after the 
application and it is probable that the chemical was diluted 
below its effective concentration. 

An application of TD-47 was applied on a similar location 
on an exposed, rocky reef in Lake Erie. At a concentration of 
0,5 p. p.m. almost complete eradication of the alga was achieved. 
On the basis of one application only in a very exposed and difficult 
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location, this compound appears to be remarkably effective in the 
control of Cladophora . As in the case of Aqualin, however, TD- 
47 may be excluded from certain areas due to its toxicity to 
fish. 

Applications of copper sulphate, sodium arsenite and 
Endothol were made without significant result. It was difficult 
to appreciate any result with Endothol. As in 1959, however, 
concentrations of 10.0 to 15,0 p.p.m. of copper sulphate and 
sodium arsenite did have a killing effect over a short period of 
time. The terminal portions of the filaments were killed on 
varying portions of the total stand. Eradication was not achieved, 
however, and after three to four weeks, the necrotic terminal 
growth sloughed off and the crop remained, apparently healthy, 
and only somewhat reduced. 

On the basis of this study, the control of Cladophora 
is not to be anticipated by the application of even high con- 
centrations (10,0 p.p.m. ) of copper or arsenic compounds, 
Aqualin and TD-47* however, show promise. 

Other Considerations Concerning Algal Control 

Cladophora , as it occurs in Lake Ontario, presents a 
rather unique problem. It is practically a pure stand existing 
in almost total isolation so far as other obvious living organ- 
isms are concerned. More particularly, it occurs here in a very 
large body of water where, for testing purposes, it is impossible 
to control the dilution factors. If satisfactory progress is to 
be made in the assessment of various algicidal chemicals, more 
control must be obtained over the test plots. On the basis of 
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past experience, it will be difficult to find suitably confined 
areas which will be, at the same time, representative of lake 
conditions. The enclosing of plots with plastic sheeting is 
possible in small bodies but quite impractical so far as this lake 
is concerned. To minimize the dilution effect and to allow for 
valid interpretations of experiments, an effort must be made 
therefore, to apply tests over large areas. 

In support of this point of view, it is pertinent to 
point out that, in other studies related to the control of rooted 
aquatics, when plots were treated in small bodies of water and 
when the test areas comprised a considerable percentage of the 
total area involved, satisfactory results were often obtained. 
Similar procedures, carried out in large bodies of water, failed 
to produce reliable results. 

By virtue of its isolation, the control of Cladophora in 
Lake Ontario by chemical means may be possible and practical. In 
general, however, in an aquatic situation chemical control pro- 
cedures may disrupt the ecology of the environment in sfach a way 
as to produce even greater problems. Chemical means of control 
quite possible, should be regarded as temporary expedients to be 
applied only until more natural means of control, based on the 
biological features of the organism concerned, are available. 

Consequently, subsequent studies of the Cladophora prob- 
lem must include controlled laboratory experiments designed to 
determine specifically the growth requirements of the alga and, 
possibly, to investigate the actual biological effectiveness of 
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various algicidal chemicals and other more natural means of con- 
trol. In the field, intensive investigations of all pertinent 
physical and chemical environmental growth factors interpreted 
in the light of laboratory findings, are required. Testing of 
algicidal chemicals must be done on a scale large enough to 
yield reliable results. 



TABLE I 



Concentrations of aiunonla nitrogen In sanplea taken 
at Lake Ontario etations In the vlcinitj of Bronte ffom June 22 
to September 8, I960, expreeeed In parts per million. 



June June Jul? 
22 2i 2 



July July July Aug, igig. Sept, 
12 20 21 i 22 8 



Bronte East 
Bronte West 

a 



0,26 0.05 0.30 

0.35 0.40 0.-40 

100 ft 0.25 0.05 0.09 

250 ft 0.21 0.05 0.21 



0.09 0,21 0.28 0.26 0.18 0.22 

0.21 0.09 0.15 0.49 0.38 0,11 

0.05 0.04 0.09 0.19 0.28 0.18 

0.05 0.05 0.05 0.49 0.09 0.06 

500 ft 0.25 0.05 trace 0.07 0.18 0.18 0.26 0.09 0,09 

1000 ft 0.35 0.05 0.34 0.05 0.07 0.39 0.28 0.15 

i mile 0.28 0.05 0,07 0.09 0.03 0.15 0.22 0.48 O.OA 

1 mile 0.21 0.05 0.39 0.04 0.13 0.07 0.06 0.38 0.31 





Aver- 








Total 


age 


^^P 


Mln^ 


Median 


1.85 


0.21 


0.30 


0.05 


0,22 


2.58 


0.29 


0.49 


0.09 


0.35 


1.22 


0.14 


0.28 


0.04 


0.09 


1.26 


0.14 


0.49 


0.05 


0.06 


1.17 


0.13 


0.26 


0.0 


0.09 


1.68 


0.19 


0.39 


0.0 


0.15 


i.a 


0.16 


0.48 


0.03 


0.09 


1.64 


0.18 


0.39 


0.04 


0.13 



TOTAL 



2.16 0.75 1.46 0.94 0,78 1,04 2.36 2,16 1.16 



Average 



0,27 0.09 0.18 0,12 0.09 0.13 0.29 0,27 0.14 



I 



TABLE II 



Concentrations of total (Kjeldahl) nitrogen in samples 
taken at Lake Ontario stations in the vicinity of Bronte from 
June 22 to Septe&bar 8, I960, ezpreased in parts per million. 






June June 



Bronte East 
Bronte Hest 



July 
2 



22 22. 
0,70 0,50 0»39 



July July July Aug. Aug. Sept. Ayer- 

12 ^ 22 i 22 d Total age 



0.32 0.29 0.48 0.29 0,50 0.A3 



0.70 0.70 0.A5 0.32 0.29 0.48 0.49 0.68 0.30 



100 ft 0.70 CAD 0.25 0.32 0.29 0.38 0.20 0.44 0.32 

250 ft 0.21 0.40 0.48 0.18 0.40 0.40 0.53 0,31 0,22 

500 ft 0,70 0.90 trace 0,32 0.28 0.28 0.73 0.31 0.31 

1000 ft 0.54 0.50 trace 0.51 0.15 0.28 0.75 0.31 0.22 

i mile 0.38 0.40 0.20 0.32 0.15 0.28 0.73 0.55 0.16 3.17 0.35 



3.90 


0.43 


4.a 


0.49 


3.30 


0.37 


3.13 


0.35 


3.83 


0.43 


3.26 


0.36 



1 mile 0.60 0.40 0.60 0.70 0.15 0,32 no 0.44 0.32 
_ sample __, ,_ 



TOTAL 
Average 



4.53 4.20 2.37 2.99 2.00 2.90 3.72 3.54 2.28 
0.57 0.53 0.30 0,37 0.25 0.36 0.53 0,44 0.28 



Max, M^"* Median 

0.70 0.29 0.43 

0.70 0.29 0.48 

0.70 0.20 0.32 

0.53 0.18 0.40 

0.90 trace 0.31 

0,75 trace 0.31 

0.73 0.15 0.32 



3.53 0.44 0.70 0.15 0.42 



TABLE III 

ConcentrationB of total PhoBphorus In saoplss taken at 

Lake Ontario atatlone in the vicinity of Bronte from June 9 to 

September 8, I960, expressed in parts per million. 



June June Jung 



July July July July Agg. Aug. Sept. Aver- 

i 12 20 22 IS 8 Total age Max. Min. Itodlan 



Bronte East 0.105 0.095 0.075 0,063 0.045 0,060 0.350 0.032 0,065 0.0^0 0.930 0.093 0,350 0.032 O.O64 

Bronte West 0.128 0.075 0.110 0.051 0.035 O.OU 0,195 0.096 0.077 0.02 0,831 0,083 0.195 0.02 0.076 

« 100 ft 0.175 O.AIO 0,100 0.085 0.110 O.O4O 0.155 0.0^0 0.052 0.02 1.187 0.119 O.-U-O 0.02 0.093 

250 ft 0.047 0.105 0,076 0.036 0.045 0.047 0,185 0.054 0.035 0.02 0.650 O.O65 0.185 0.02 0.047 

500 ft 0.040 0.060 0.066 0.062 0.047 0.105 0.065 0.059 0.022 0.02 0.539 0.05A 0.105 0.02 O.O6O 

1000 ft 0.052 0.048 0.093 0.057 0,047 0,043 0.070 0,054 0,023 0.02 0.507 0.051 0.093 0,02 0.050 

^ mile 0.120 O.O46 0.070 0.050 0.045 0.095 0-054 0.028 0.02 0.528 0.059 0.120 0.02 0.050 

1 mile 0.270 0.098 0.155 0.050 0.080 0.092 0.054 0,065 0.02 O.884 0.098 0.270 0.02 0.092 






TOTAL 
Average 



0.547 1.183 0.664 0.579 0.429 O.464 1.207 0.443 0.358 0.18 
0.091 0.148 0.083 0.072 0.054 O.O58 O.15I 0.055 0,046 0.023 
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TABLE 17 

Concestratlona of Soluble Phosphorus in samples taken 
at Lake Ontario stations in the vicinit7 of Bronte from June 9 
to September 8, 1960, expressed in parts per BiUion. 



June June June July Julj 
2 22 22 1 11 



July July Aug. Aug. Sept. 



A?er- 
Total age 



Bronte East 0.03A 0.036 0.055 0.0^9 0.028 0.043 0,073 0.014 0.015 0.02 0.367 0.037 

Bronte West 0.0A6 0.036 0.023 0.051 0.030 0.020 0.0^0 0.034 0.022 0.02 0.322 0.032 

• 100 ft 0.050 0.305 0.045 0.045 0.032 0.032 0.052 0.027 0.018 0.02 0.626 0.063 

• 250 ft 0.033 0.027 0.030 0.040 0.031 0.031 0.048 0.022 0.024 0,02 0.306 0.031 

■ 500 ft 0.037 0.050 0.042 0.041 0.036 0.020 0,023 0.024 0,014 0.02 0.307 0.031 

■ 1000 ft 0.036 0.046 0.04B 0.032 0.039 0,040 0.042 0.025 0.020 0.02 0.348 0.035 

• i mUe 0.050 0*030 0,050 0.037 0,030 0.057 0.018 0.024 0.02 0.316 0,035 

■ 1 mile 0.103 0,029 0.037 0,040 0.073 O.O46 0.019 0.026 0.02 0.393 O.OU 



Max. 

0.073 
0.051 
0.305 
0.048 
0.050 
0.048 
0.057 
0.103 



Mln. 

0.014 
0.020 
0.018 
0.020 
0.014 
0.020 
0.018 
0,019 



0.035 
0.032 
0.038 
0.031 
0.030 

0.037 
0.030 
0.037 



TOTAL 
Average 



0.236 0.653 0.302 0.345 0.273 0.289 0.381 0.183 0.163 0.I6 
0.039 0.082 0.038 0.043 0.034 O.O36 0.048 0.023 0.020 0.02 



TABLE Y 



TOTAL 
Average 



June June 
22 2i 



274. 

169. 

• 3. 

6. 



Bronte East 
Bronte Vest 

• 100 ft 

• 250 ft 
" 500 ft 54. 
" 1000 ft 

" i mUe 
" 1 mile 



3. 



509* 
84.8 



Bacterial counts taken from samples obtained at Lake 
Ontario stations in the vicinitj of Bronte from Jiine 22 to 
September 8, I960, expressed as coliforms per 100 ml. 



July 
7 

7. 
1. 
5 

19 

200 

f 







July 
100 

1 

15 

5 

I 





July 
20 

1 



2 











Jul-; 



6 

8 
5 

ii 

8 



Au^. Aag^ Sept. 



1 
13 
54 
18 
16 

n 

21 
15 
19 



2i 

76 

30 
86 
38 
28 
47 
32 
45 



Aver- 



^"^ jotal a^e Max. 

48 525 65.6 274 

1500 1756 250.8 1500 

24400 24535 3066.8 24400 

4600 4692 586.5 4600 

13800 14098 1762.2 13800 

1500 1616 230.8 1800 

800 858 107,2 800 

1 68 U.3 48 



241* 123. 3 74 167. 382. 46649 

30.1 15.4 0.4 10.6 20.9 47.8 5831.1 



flin, 


MadlAn 


1 


30.5 





30 


2 


10.5 





12 





19.5 





a 





5.5 





2 






TABLE VI 

Concentrations of phenolic coDpounds in samples take9 

at Lake Ontario stations in the vicinity of Bronte fron June 22 

to Septeaber 8, I960, expressed in parts per billion. 



ON 





June 
22 


June 

2i 


July 
7 


July 
12 


July 
20 


July 
27 


Aug. 

I 


Aug. 
29 


Sept, 


Total 


Aver- 
age 


Max, 


^, 


M«d1«n 


Bronte East 


30. 


0. 


35. 


9. 


32. 


6. 


0. 


0. 


0. 


112,0 


12.4 


35.0 


0.0 


6.0 


Bronte West 


8. 


0. 


15. 


37. 


0. 


5. 


0. 


0. 


0„ 


65.0 


7.2 


37.0 


0.0 


0.0 


» 100 ft 


70. 


5. 


4. 


0. 


6. 


0. 


0. 


0. 


0. 


85.0 


9.4 


70.0 


0.0 


0.0 


• 250 ft 


12. 


8. 


12. 


0. 


3. 


0. 


40. 


0. 


0. 


75.0 


8.3 


40.0 


0.0 


3.0 


• 500 ft 


25. 


0. 


7. 


5. 


18. 


17. 


0, 


0. 


0. 


72.0 


8.0 


25.0 


0.0 


5.0 


■ 1000 ft 


35. 


0. 


0. 


12. 


8. 


3. 


0. 


0. 


0. 


58.0 


6.4 


35.0 


0.0 


0.0 


• ^ mile 


25. 


10. 


3. 


3. 


3. 


6, 


0, 


25, 


0. 


75.0 


8,3 


25.0 


0.0 


3.0 


« 1 mile 


12. 
217. 


3. 
26. 


4. 
80. 


0. 
66. 


6. 
76. 


23. 
60. 


0. 
40. 


20. 
45. 


8. 


76.0 


8,4 


23.0 


0.0 


6.0 


TOTAL 


8. 




iTsrage 


27.1 


3.2 


10.0 


8.2 


9.5 


7.5 


5.0 


5.6 


1. 
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In th« Buaaors of 1957 and 195<^ arisaea of Clff^Q-':'x»rP. ftcco-ailutod ftt 
various points alon^ the northwesterly 8hor« of Lako Ontario. Tha odcur asayoi^tod 
with th« diBint«Gration of this oatorlal oooatltuted a aarioua problea for lalco-ahoro 
proporty ounoro and, in Uoveauor, 195^t ^ (xmfdronoo was oallod 1:^ tho Ontario .ntor 
iieaouroQS Coraixioaion to oonsidor tb« cat^or. Aa a rosult« investL^atioJU) woro nlii:\:\cl 
;uid have been o(nduotod In Laizo Qiitorlo atid, to a losacr dojroOy Lako lurlo dvu'i.'v.': t'lo 
aicnora of 1957, 1%0 ooi 1>61. 

TL©3« invaatioatiOEio havo laoludod o'boarvatlane on tlia biolOQr of 
tlio or£;nnlc]jf ohasdcal and .pl^/oloal onvlronaantal faotora v!doh rxLjlit ho asoooir.tod 
vitli ltd cT^vth and i^on c«thoda sad natorlala for tho oheoioal control or olirdr^tiou 
of tba q1c&, Althou{^i rafecraaoos to th« naturo and c^zovrtti of Cl;;(l?^!i,ra;' a ur.^or coTi-ain 
co:.ditions uoff 'bo found in tho litdxutura, llttl# or no icforuatlan lo uvsdlablo witli 
rojnoct to its {pravth and control in lax^o bodioo af vat^: such aa the Cbsaat L-Jx^a. 

Tno initial atudioa, aa roport«d prevlovialy dotorstined that tI\o j.^cio^ 
with which W9 exo oonoomod (pxuo in wataar vp to 10 fact in depth vhare a suite jIo 
oubatratun ia ptrovidod for ita attnnhiarmt. Soootb aroas of hod-rook are not \lju;>.1V 
involved hut cravloaa In tha roek and tha protootad odcos of bouldors, concrota or roc'; 



':i.-t -"-.l;.-. and jo.i w.-lla r.rd otiior n>itur.nl oi' rwrtificial otrjoturoa .jrovldo - J._^io 
- -..uiitionj for r.t-'-ck-ont a:;d jrowth, reaa havlnij a cob'jle-ut''no I>Outo>i provluO 
-\.o -.-.DBt donao and v;niforr. (Trovtha of Clr.do,.:.cra . liQjoouro to wava oiid oti-or water 
r.Tf o:: provldo^ a neccsonri' stii^oilua to jrowth, 

^10 flloL-entoiia jrc?wtli of th^ olcs, appQars in tho loT;©: toviird f..o 
end .if 'U-y. Ihirinj June t!io (jiN>tftii io rapid and tho lnko bottoti boc<JL_a3 cover Ui V 
n iprcwth of J^ly/lo-thor.i which izsi; ho up to tliroo or four foot in lonctl; vfith ta .^loJ 
>iu.;oa oxtcndlnc; to tlio eurfaoo. /rjem tlila "aaturo" condition io ron^had, u*.;^;J,l,- 
V/ oarly JuJj, tLo ojitiro crop la capablo of baini; rosovoU ly atroni; wnvo actio;.. 
At this ti^ae* acouaAlatlom} 3^ ooour. »'hon tlio flrat crop Io rtXiuOvod a d&3o:;d croj 
13 alxdody tkp^mssait. Tor the noat part» houevo^, tblo girovth is ulniiuil aud lis^ not 
beon fouad to "iiutura" durii)^ tho porlod of irivootl^atlon* 

Ou tho basla of obsdrvatlons aado in Lnko Ontario and Lako lo^io it 1;} 
ap;jar«it that tho alga la not Influetcad to ar^y Gpprocioblo doc;roo 'v>j '-/a tor tG:C'Ci''"'tur© 
and it haa not bcon possible to luto^prot lonj roajo ci>i sooaond fluctuatloTio In 
^ovth with other ohailcal and physical Isko jroportieo %^lch ti&vo boor. i:ivostl^tod. 

All of tho fivailoblo dieolcalo for vhloh alcicidal pro^iorties ':,:.\'o 
boon elali^isd iiavo boon field tostod durinj tho initial studios. In c<>^uiral, c^'.^jer 
find tsxaanio corapouado, which aro well Jcnown for tholr i3i^otoad.o proportios, bav^ k.id 
no approolable or ol^jnificaat influonc^ on tM al^ undor the conditionB of tcatir.;. 
•.c,ualln, a, solution of aoroloin, end TI)<»47t <^ eccperiuontal derlvatlvo o£^ eadoxo-h'jc^i'- 
hydrophthaiic aold» howoiror, producod eosjj encouraging rooulta, 

Tho tnvoatl^jatioa waa continued In 1961. Obaorvatioeno on tiie biolo,:y 
of Jl?x^o/::?p> wero continued but the prlooxy purpose of the Investi^tlon wtui to sc-loct, 
if poooiblo, an al^oldol ohoiiiioal vhloh tai^ht bo reot^antondod by tlie Coiisiioaicii iar 
use by i-^unldpalltiea or Indlvidu&la for tho control or olliaicatlosa of ClrAnry^Y'.-r,- in 
Croat JLaI;oo loo&tlcQA. 
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'-Tiio ;idaua Clrydo'th'jra . according to aor^a fcuthora, includoy A?»»ro::i- 
-jitolj- luO ajflscioa which aro often not joU dofinod. A £;r«at doal of taxoao .ic 
atudy will bo ro^juixcd to pi\>vida for tbo certaiu roooGnltion of opooloa of t!;o 
januQ ondt in tbo oouzvo of thla invo3ti<;atioa, attontlon has not bocn ^-Ivon to 
these ivz^bler^. 

Tho >?lat!ophor.i apeclos with vhlcb vo ar« oonoomod is an attcchodt 
brcnohod, filsaantoua grsen al^a which nay arlso froot a prostrate* j^iuoidcilf br^^l 
Cjrowth wiiicli cay b« p«ronnial anA froa which jVi^rowth uwy rapidly occur. >^st 
ooanioeily, in spooiaa of 31r.<'.onhorp. . two plants vhlch ar« aorphologrically idcatic:il 
in sroaa appoRrano© oocur In the life cyol«. Tho diploid oporophyto plant proiucoj 
haploid sooeporod uhichf under suitable oonditioxia, frosroinato to fora jn^-jotopli^rto 
pl&nts. 7hsao fora siotils gsjetas vhioh, following 8«xual fusion, reproduce th« 
aporophyte plant. 

Tho aporan^a mid sanoUtnsiA cure produood oontinuouoly nonr tho youn^'; 
tips of t!ie filospontd dviricts tho eeaaon. Ckinsequontlyf uotile roproductivo bodiaj -.^ 
be avail&ble at all ti^aoa for the establishuont of now £7owth. It should be noted, 
tharofor«( that the '^turo" state of the al^a does not relate pri'Jiarlly to u fimJ, 
fruiting; period afl ie tho ooae in hi^ar plants. leather it rofere to a condition 
ciiurocteriaed by lese health and vlijoroue j^rovth and \3^ phyoic&l vea-^anin^ of tho 
filooentd so that they vu^ be more easily broken flree Crosi their attaohaent. 

In 19^0 and 1961 oip,4op^Q^^ becaae apparent in Lake Ontario durli\T t^-e 
last voe'ic in i'sif. At this tioe tho initial, upright filooenta oonsiatod of only six 
or ei^jlit oolls. The subsequent growth was rapid, hovever, and by uid-sTune the bods 
vara covered by the len^rthenin^: fllasonts of the al^a. £|y June 2), 1'>!<}1, for e;xar.ple 
tli<2 filojsnta hod attained a Iflao^rth of two to three foet and, in ehallow nroos, varo 
e-orjins at the surface. 



Jariiv.: liito-Juno and t!a:o«„liout July thorc 1j c tori-'cy '^^ -• - * 
♦-:• for> ivjao-ai.-c, t^ii^loJ plu.cj wlilcU extend £XOatlg-- In lonTth. In .-,r'\7ro-; .i-."*V 
d.v:?_;jr water t.tiJa plu:x)ii r^acli tho 2uri'f:c« r.;:il t:;o cp^ear-^isa of iiio 1^.0 u.-'i "- ~ ■-"-- 
cc;;ditio:-j otcaiil^- dotorioratc, "-t the ac:.o tirj© tl'.e LTOvth oiv' R?:.>3^x sli/..tl7 
cilcrstlc, "it» forn:atioa or plu;::oa io thc?ii:;;t to liivolvod t!'.o accurculction r.-.-.d 
t.-usjllnj of froo iloatiac frr,»;?-aGnta rr.thor tlian a i."-ar;:ed olonof«-tlor. of Individ jal 
filaionto. In this condition, t2io c^ap is corjiidercd to ho "aatiuro" ivxi slioi'a 
cccirsulatlons niiQr ba antici>.mtod if suitciblo laho oov\ditiona ocma", la l?oli *>".^ 
plurnod condition of t2io t^i-ovth wtis attaiaod Iv tho Qi\dL of Ju;-© bt^ tl.3 crop l^c•^ '■ * 
until Atvruat Ip vhou an or»-ahord wiad croatod wavoa of 8uffloi«it liii^^^.tiaio to orG,..: 
looas and i«;*iovc tha 'haaturo" crop of ^^Ic-^a-^l-.grii.. 

(-iMKi tho initial croi) waa roaovod the lako botto::: was aixxtixSiff covjrcJ 
}3y u oocand orop which wao oixly a few iijohna in le^rth. Taia oro:) vov^iatocl in l. 
healtiy but uor© rostrictod fora tlirou^hout tho balance of tho ootiscu. Jurli;,; tlic 
poriodQ of obooxvatlons I which eactoxidod in oooc in5tcr.coa vzitil Ooto'^cr, tl> — o. . .2 
crop W63 not found to "aaturo". It io obvious, howovor, that tliio crop doc;^ b~c .: 
ouoy during tho oouroe of tho viator b<7oauflo no Cl^ gp^ ^(a ^ fl is Qp;>njrant in t^ic l. :c 
in oarli' rtogr. 

2>urins tho srowinc aoaaoa in 1961, shoota of asbestos and co:-cr.t 
b;iricl:3 word plecod at veirlouo points in tha loko to &ot ba ortifloiol oribstrat^ for 
tlio attrtcJioeat of ' ^■'' i«l q i ??ic? fa* Jn 0VC27 Inotanco crovtlio of tho ol^^a vc^a oljtcdnod 
ove;x in aroas vhoro, for tho lack of a ul table attachi::cnt| no (prowth voa ocourrli^' 
norr;cvl2;7, -^icn shoota of osboatoa wcro Ovaap<fiid©d near tho aurfaco of tho water ^i^aa 
buoyo at dietancoo up to two aileo fro© ohoro, hoavy crowtlio of ClMn-ihnin, dovolo^-od. 
iJporca oro apparoiitly proaont in tho watar at ell tiiaoa during tho cr^i^ ooaaon 
and now i^rawtii aey b« oatobll«hod, cosaooquoatly, ct any tlno. r:oroovor» whon ocitij- 
factory ^ittachsiont at a auitablo doptii ia provided, growtha of :n.i'..-^^-]'.nTr^ aa^r o^c- 
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ut oti'-ahoro locnticna iii Lh}:o Qntaxio as thoy hftva boa^ olwcrvod en loolfitod, 
orr«ohord roofy in Leice '~<rla. 

JJxirlni; tho period of invoatijation tho ppcxluotivity of tl:a aljii 
vuriad ai^uficmitly fro'a odaocsn to afiaaon, la 195? a uodaratalj' ho:>vy crc*"»'tii 
ocgurrod. Iri 1:^^0 tho cxup va» quits <ls oxtensiva as in tho provioua yaar but a 
vigorous irrouth novor dovoloped uhila in 1951 th« ez^^^test productivity Top tJie 
t!'.reo yosx poriod was onoouutored* 

loaBtifg^ ixnci n-rtpsr^fi of CT .-t!rir,Mm (?rai.>fr.a 

Ia tl>o oroaa studlod in Lako Ontario and Loke SriO| gj-"<!q-^h<v!r.\ haa 
boos obatrvod vh«rov«r a fim autotratua i« provided Tor its attaohnoiit and uitoro 
tho vat or is not ^:raater tlum ton feet in depth approxitaatoly. ?l&t bedrooi: 
usually regains oloar of ^jzouth during tho oarly soa&OQ* Growth, orl^^inatiaj in 
the cr«vioe&i« however , oay oovor thezook a» the filooanta estos::d iii le^^^rth lator 
in the aonsan. Itou^i, oobblestone dopoaits provide soro satisfactozy conditions 
far «ittac}iraant and in suoh oreaa tho dooisest growths will be ancou2itorod. .loak 
fill, piera and abutaonta servo also for the ettHchaont of Cl&^ypt-^T:;^ , ojtid ha^ivy 
i^rovtl'Ji are often fouiid nosr the water line on suoh otruotureo. i}opci;din£ upon tho 
slope of the bottoo, al^l beds aay exteod frou the ehoro to points up to one 
thousGUa feet into the lake. While lijht ns^ be a liaitln^ faotor in doop wator, 
it io proboble that p^icol footors relatod to uator ciove:3ent azv of £p:«et isportcnco 
with reopeot to the prawth of Iho al^ in suoh looatioos. 

Altbout^ the erovth of Clpi^oyf^^gi p ^ is not ooatinuoua in all btqqb, due 
to depositlanB on sand and ailt cm tho lake bottoa, it is eatinatod that, in the 
2urlir^on-?art Crodit area at least, thirty to fifty oores of tee alga, saoy be 
encountered for eaoh linear uiile of ahozvllne. 2hfox«atiOQ rooeived tvon other 
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jOLurces indicatoo tJiat tlio olja occura ooa.;anly around thd LaHie Ctitario ohoro 
rrc. tha i«'la;,-jra 'li-vor to bct^ad Oshaua. 

;io far 08 tiioy have hoax obocrv^ad in Laica Ontario ti.a ailja "Ucdu 
cccur &lonj tha shoro. Iii a sii^lfj: fauhion, in th* Cxystal I>each cxo& of L;;:^:c 
lirio, rooly, aljal infcatod outoropa occur froa tha wator line out into tho lako. 
In tha violuity of ?ort Colbomaf bo;^ ooouz- which a?« devoid of c^r.jrt;;^>for.i }^ 
virtuQ of dopoaito of oond end ailt* Th« rocliy points vhldi dollmit the \mvo 
boor nl^'al bods for vaxyii^ dlatanoec froa ohoro* In th« Lcvbcuiks Diatrictt no 
ouoh outcrops of rook ocotir at ths shora but xooisy roofo in tha ridnity of ■ .chcvk 
Island f two oilsa Aran ahoro, bava boan oboorvod to be oovarad with a lush cravtii of 
al^aa. T&xdor thaoa oonditions tha al^^ aocuaul&tloaa alon^: tha aalnland shoro 
nuat hava had thoir ori^jln Sraa tha reefa ooveral ailea dlotimt. 

Ti\Q ::nt^.rTG nnA. Control of :ihorft-llna Kr.n,m^^^rf.irmil 

To aoua axtent tha hooXt^^t gsravizi^ &l£;a prosenta probl<K^ to svl'.rKjrJ, 
vatar aklera and oparatoro of aaall boata imd» as tho crop "aaturas** and occea to tho 
aurfaooi tho laka (aojr baoooa unal^tly* Tha slsxxlfleont pxoblQ;^, houavor, iu tl.a 
ooouculatioti and disiatoic^ratlcci of lar^ cadooa of £^a-floatinc al^ao uLoiv; «"^ ulvoro. 

It baa boon obsarvod that tha spaoiea vlth which va nr^ deall:'<: i;: 
stioulatod in its giovth Iff rough wator aotiozi. Soall ftai^tmits of tha czovth ^.v bo 
disXodc'od froo tiaa to tiao but a al^nlfieaat and ooosilate roooval of the otondiiv: 
crop does not ocour until the "baturo", pluatod oondltien of the al£[& is attalAod. 

Under these oozuliticas» aodorately hea,-v7 va:7« aotiom vill brook looae 
not only the extended pluj^os but the doose bottoca crovth aa well and a exeat tonnac^ 
of Clf^Anph.oT'ff. will booooe f^e-floatis^. iaxise inaaaeo of this oatorlol cay sink and 
n oo u .3ulato oq the lake bottoa in deep vstar* Sera the carcoaio breakdown of the olcal 
::^terial aagr be aocoapliahed vltabout the aa^ation of a probloo. A Isjrja fmotioa of 
tho dielodfiod (Ocfil mntorial floats and mtv be oarriod out Into tho open laka by vir^ 



._ .; curronl cction or rjtiy accuTiUlato in vaiyinj ariouRta ala^j aultabl/ inclt:icu 
sii'-To-lia-ies, Lr.ter, free floafcinj uatsrinl rioy l>o trouc^^t in frcr; the opeii la.:o 
«*'.cn auitablo wiroie provall, A/j & conaofiuenoo, accuaulati<»ui rr.ny occur ovor an 
Gxtcndcwl period followir^ th« actual dialodt.'O-ient of tlwj oro? ond aropxi ro^ovod 
fran boJd of pi fK ^'-'jl'-r.-yn cny ouffer froa the aecussulntion of thooe driftinc n.^ssca 
of ftljal flxibot.-yrico, 

A nr37allir<: on-choru wijxd nc;;' wcsh the olca, on end arou:id rooi:-fillod 
chorea, pile it to a depth of irLCliea or aever^il foot on tiie boac!! or Qoz.^yruit it Ir. 
the water in a band which raiy esctond froa 6 fow inohoa up to 50 to 100 foot fro . i;l.c.i"o. 
If the acc^ioulfttion ie ftllcwed to dx^' it for^a e voiy porsiotont, folt-like •::f.63 
vhioh is inoffonalve. If It is Buboo^^^uontly aoriked or if it h&a been oonatantly wot, 
the orcnnio brenkdown of the ooEipactod caoe will bojjin witMn a. few daoti, T!.o rocult;int 
black, oily naea involves a eharnctoristio "pig pen od<ap" ^ich aay be deteotod up to 
Q i:^ile inland, ^eh nasalve accamil&ticiaA zaj becone dzy ond brawn in ooloux on top 
arui the nui^anoe oondltian c^iy be teiroporarily ro:.iaved* .hen disti.'rbod the HCti've 
brer^down procosG cots in e^in, 

'iSie aochonioal raaoval and dia^^oaol of theao acovsnulationa hao ^03;i 
undex*taken by a n-uraber of private individualo. 7or a variety of roc3Qi;a mxdr. 
:xrooodiu\ia are ootaowliat LT.practlcal* Pbysioal hasarde tilaii; rodcy ohoros trc diffic ilt 
to aur.;ount with exist inj oquipciont and oooutailatione na^' occur ropeatodly ovor -i i)oriod 
of tir»o to tl.o ond that the algal oaterial is aocunailatin^ as rapidly &a it io reiovod. 

It has bean obaorred that, by a ohift in wind dirootion, aoc\nalatlo.is 
Luv bo diaporaod naturally, Loool ourreiita created by visorouo pu::pinj cay be uaod 
to ror^ovo local accxcoulationa end, oa ooa&sion, tlio roc:oval of veira ajid other suoJi 
obstruotions cuigr in^luenoo the inoldenoo of eocuuulatiais at selected locatioii:]. 



Ill our prooout stato of lowvlodjo tlai control of ttccnTjlatioruj of 
01t:<^- ■''"■ra ::iny boot bo nchi©'/od "by controlling or proventia,/? tho crcrjth of t'.so cl ; 
by c:vc:;iool or ottior aeaixa, 7ai6 aciiiev^soiit will requiro t!io application of oor'.tz'al 
nrocouuroa olons aany uilos of ahoro mid ovor a lar^^ ntu.i'bor of acros of alj.^1 bOil;;, 
Dy virtue of tlio naiuro of tho ooouraulatlona ond tho oonditiona ossociatad with Uioir 
occurrenoOi local treatrient vill provide no eaamnuoo of ^pirotootiKi fron aocurral.iti ..uj 
in Bay aeleotftd oocsaunity* 
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-ztor currorita in tlw? shorolino orous producing n.ijdopIioru aro kncu-.; 
to :;ovc aloaj the oLor« iii i*eoponjQo to vinds, Tho dlroction nnd opoed of tiio cairrcr/. 
is a roflootion of the dii\iotion, otronjtti oad dumtlcn of tiio wind. It wca baliovod 
tbat oitrlonta froa various SGurooa suc^ as rivor wator and vosto oovors vould not 'bo 
iijaodiately dilutod in tho main bO(Sy of Loko Cbatcxlo Ijut would bo oarriod ovor the 
crovth orooa >/ <;uzTont8 ;30vinj alon^ tha shoro, Thua ubllo the fortuity of Hio :^isx 
hoiy of tlj« lako isi^vt not bo rich eaou£^ to si;ppart tho alcao cpresrth^ ouff Iclant r^utrionta 
wgcro trap|>od within t^e shorollna c urrau ta to dovolop nuloanoo quantities of tha olc^io. 
In oxdor to dotaxnico tha validity of thia oosuOiptiQn chatsiool ondydoo h&vo boo:i 
oorriod out ovar a throo yoor period on oao ranco ot oaaplos talxai froa the ahora to 
one nila into the lake within the croa affooted b^ the algoo* Tho data for 19^1 oro 
inoludod In the appoodlx and a aurmajy of the rosulta for throe yeara o^peor in 7c;blo I* 
It will be notod traa thia table that in tea of the twelve noons roported the concea- 
tration In tho ahore oat^plas was otjuol to or groator ihan In the lake* '^^ro ia roaoon 
to bellovo that the aosipled indioatod aa lake taken 0*5 and 1«0 olios offohoro ciro atlll 
ii^luonoed V the ehoroline dioohfasos and ose not truly indloative of the t:z'Js\ body 
of Lake Gbtorio, 

Hosults of ch<Mslaal onalyaoa for Stux^jeoo Lake have boon inoludod for 
cocporiaon. The dteraloal eaostituonta of this lake ore indloativo of wator naturally 
rich in nutrienta and one which euppocrta nuisance Growth of blue gxoen al£:aa» Tl^e 
total apsaxiio content of thia water as Ixtdloated by tlio total nltro^jon and total 
phosplioroua levels exoood Lake Qotarlo ly a faotor of five and two respootivoly, 
Tlve avera^fe oonoentratlona of acroonla and soluble phoaphoroua ozo of the aoae ordor* 
Aa these are nutrienta aouc^t aTtear hj iSa» planta it ia apparent that in both oaaoa 
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Avora^d oonoentrutiono of nutrient oloaonts in aarjpleu taJ:on la 
Lake Ontario durlo^ 1959<'6l alon^; with uvara^o oonoontratious 
pooordad f«>r i»turs0on Loko during \9i^~5$ la purts per ullllon 
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I960 


1961 


Stur«:;ooa Lake and 


i-^^iionttx 


.ahor* - 
Lak« - 
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0.09 
0.06 


0.06 
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0.07 
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Shor« - 
Lak« - 


0.01 
0.01 


0.04 
0.03 


0.0? 
0.01 


Station Hi - 0,0? 



they a7« reduoed to oooparabl* l«v«l0. Thoao ooaparativ« fl^fures Indioato that 
Lak« Ontario vstor la Budi lover in the general level of fertility than aaqy of our 
inland waters but beoause of the farourable envirooaent offered for the £;rovth of 
this opeoiee, togotheor vlih a aaall inoraaae la fortllitgri Cladophora la able to 
develop in quantitgr. 

The relationohlp between the dovelopoent of Cladophora grovtho of 
nulsiinoo proportiona and a definativ« aouroe of nutrienta i8 illustrated in aovorol 
apeolfio inatoooea. The i^atoher lalanda in Oeor^^ian Da/ are a aarlea of rooky roafa 
located in a reoote area far froa aqy buoan influenoe. Ih«y are, bowaveri hoavHy 
utilized for neatin^ pu^oaea by {[ulla and taxiia and in tbia way received ooxuaiderabl 
fortilizatioa. Cladophora growa luxuriantly around thaae Islonda but la not found 



_ on aioilar ahorea in the vloinity. Two ouniolpalitiaa on Lalca Huron dlsoharje thoir 



cunlclr^al vai3tes at tho watfirs Gd£;o In e roclt^ ahoTOllno oroa. In both ouaost 
nuiacLzuio grovtha of Clodophora davolop vhoro as littl* or no gvovth can vx) found 
In iilallar aroas not Influoooad "by the oewage* A fUrthor inataaioe haa boan notod 
on tha •it, Lowranoo River vftiere an industries dleoharoe containing; a nitrcvjonous 
vaste enters the river at the shoreline. An abrupt grokrth of ClaJophora devolopa 
at thie point and oontinues dcwnstreao for about half a oile. 

The average oonoentratlone of nltrosen and phoaphoroua as Indicated in 
Table I do not appear to bear a apeolflo relatiotoahlp to the quantity of aljae produoed* 
In the years 1959 s&d 19^1 lumrlent orope were produoed i^le 19^0 was relstivoly poor. 
Those fi^uvis do Indloate tiie xi^atlvely lov levels of nutrient substanoes vhiob will 
proQOte the growth of nulsanoe qoantitlet of HxSm «l^a« 



Tlio natoorolofiloal rocordo for Torcntoproaontod in Toblo II aro 
conaidored aa reproaontinj tba Ookvilla tana, (distonso 20 ullos). Tha Qoan air 
to::ipcraturo9t vera lo30 than noraal and leaa than thocid rooorded for "-'j:^ twA Juno 
in lyfiO. J>urliJ5 July and Aucuat, 196X, air tccporaturca voro sinilor to thoao in 
lOCO uid oloao to nozisal vhilo In Soptonbar voscor than noraal voatlxor provailod. 
Tha vator toLiperaturos indioatod voro rooordod troa tho Intake vator at tho Oakvillo 
vatar troataant plant. Th« Intalca drova wator tton a d^th of twenty flva foot do that 
the tODporaturos ora llkaly to be a few daereaa colder then the 0* to 10* oroa vhoro 
&oat of the ^routh takoa plaoe. Vide vartatloos in toaperatura acy occur vozy rapidly 
uith tho ai'^ing of proftadal vatero, Toc^erature choneos of os nuch ca tvonty dsjrooa 
have hnQia noted In a ehort internal. 

3ri^t sunshine hours and total rodiatica were uniforaally less in 1961 
than in I960 end leee than the recorded immal figuree for Junet July and Au,£;uj3t. l'<3y 
and oqptoabea? wore gonorally brl^ter* 

The rainfall was /rreator than avoraf^ in 1961 end vith the escooptioa of 
"•o^t total pireolpitatioa vas £7eater in 1961 than In I960. 

In s^oMral, the reoorda in Table II Indicate lover teiporaturoa and lower 
radiation and total aunahine in the growins period of 1961 than for ainilor porlcUci in 
I960, ilo oo-relation ia apparent on the basis of theee fl^iiures to explain tho foot that 
{]pravth of ClfjjQphgrq vas r&;;trloted In I960 and heavy in 1961* la a alailar faahicu, 
it is difficult to deoonstrate eay direct ralationflhlpa betveen the rainfall recorded 
for the three years In quastloiy the oatrlsat oaatent of the lake vatar (Table I) and 
the al^al pax>duotivlty. 
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Total Pr«olpltatloQ 












1959 


1.19 


1.14 


1.23 


1.35 


3.79 


I960 


5.29 


2.43 


4-30 


1.23 


0.31 


1961 


2.80 


4.31 


4.40 


1.93 


1.50 




P.V/C 


^.A'i 


X.9^ 
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?.«;< 


Brt^t S\s3oMn« Uoqs» 












1959 


247.8 


252.9 


290.1 


251.3 


222.4 


I960 


144.0 


265.1 


307.1 


291.2 


IGl.l 


1961 


236,1 


235.2 


260.7 


237.3 


223.4 


Vtrrr-ril 


9?n-i 


9«.A 


yy^.A 


?«;,?- <; 


loA.n 


2adlAtim B.T.U./ft^ 












1959 


58287 


6I5IO 


66057 


55CG3 


41605 


19^ 


44007 


60771 


-52071 


57312 


3S979 


1961 


53674 


54369 


57526 


508.31 


41734 


Nfsrnnl 


<,\M2 


^7^-}/.^ 


^QQAQ 


<51C';7 


^ni?7 


Hoan Vat«r ToqpoTaturvCF)* 


Juno 15-30 


July 


MiC* 


Sapt. 1-15 


1959 




46.1 


52.2 


57.7 


60.1 


I960 




54.5 


51.5 


6^9 


6a,2 


1961 




44.8 


50.4 


58.6 


60.1 


Hooorded at OalcvUi* Vater 'ftroataaat Plant Septli 25* 







To dot«rjin6 the rol:Ative effostivcae^s of '/:u^ci;a al^icidal obenicalo 
BO ;q pTollilnary onC5arin:onta woro dona ualxiG ^joli'qtl^'lono bajs witli a capaoiH/ of fivu 
gallons. Solutions of tho cbeoioals var« plocod in tho ba^ oni oxcioed portioiio of 
Cl?.don?iorfi voro added* To aasure tflcporaturo and lifihtlns faotora uhioh would bd 
rcnresontatlTB of those prdvallin^ in tha loke the ba^ wore attached to a txos9 and 
suspondod in tho lake at tho Bronte pier. 

The results of these toots aro rocordod in ?&ble III 



VJihTi III 



Oiecnloal 



ConoantratlGQ 



CfbsQrvatlon 



TD-47 


0.5 




0.3 




0.5 




3.0 


TD^in 


0,3 




0.5 




1.0 
?.5 



Oiquat 
Paraquat 



10.0 



3.0 

^•0 
2.0 

4.0 



Younc oolls blocclied end dlsiuptod. 

Old ooIIq srooxa. and hocltliy. 

Yoxax'j collo bleochod cad dtsruptod. 

Old colls eroon but plasaolysod* 

Youns oolls bloachod and ospty. Old 

oolla disrupted, ploouolysed and 

bloachod. 

All oells oo;3plotoljr disrupted nnd 

dead. 

Younj oella bloaohod* Oldcor oella 

^oon but plasDolysod. 

Sonple nonual groon colour but younj 

oella sovorly ploaoolycod. Cld calls 

slisbtly plasDOlyscd. 

/>4 abovQ but aoro aorioualy plasi^ljrood, 

Qxxlte OS greaa as the oheok but all 

oolls corapletolj ploaaolyeod. 

Oroen in colour but all oolla oovoraly 

plosiiolysed and tho cc^tenta disrUj^idd 

and Irrogularly oondcnood. 

Green in colour. All oells plaiRsolysed 

without disruption. As above 

As above. 

§r§g^ in colour but plasoolysed Dore 

strongly than in Diquat 

Groan in colour. Severe plamaolyslo. 

(^reent healtfaj and fruitlnj. 



.her. thoac toat3 voi.x> texnlrutod tmd o'oacxvatioixa :;iuJo at tl'io ond 
of twonty four hours (XQOOuro It vsj found tliat all of tho iUijloidoa toJtod :)raducod 
o. yAllir.^ of foot at till ccmoontratlo:^ us«d« Lrv tho c<)d6 of Tj-47t ^'l p«P*'^« l>iillod 
onl/ thd tarriliiul, your.^ colla while at 0.? p*p*a« a^id u^vo th« old oalls (Li voll 
aj tha younj collu vero killed, Vlth both TJ»47 and TJ>-191 th«t ,v'^id, qa '>g rft uaa bloochod 
and tho oontcnts of tho oclXa vera aoiaj>Iatsl7 dlsruptod la thd yotma o^llfi ^Mxtioulorly. 
Lato7f in lake toata, the bleoohins of tho bHqb, waa ootod iu eta abort a period of tico 
as flvo r.iinutos* 

^tii Aqtialln, slstllar roaulta vera obt&ined at sli^tljr hi^ior ooacon'* 
tratlons* At 0.5 p>p*o« old aa voll as yoixns eolls v«n) affeotod« la th« ocao of thlo 
produot th« colour of th(ft grosa sample vaa not altered durini^ tho poriod of tho toot 
and the al^a did not dioaoolate within the twontcr four hour pc^od of obaervotion. 

At the oonoentratlooa used both Diciuat and Poraquat killod all of tho 
oolls present without destrooring the chlorotdisrll end hlaaohiog tho spoolnon. 

j^nxs these testa it may be aonoludod that all of tho chemicals conoomed 
C7Q toaeio to clrHffy hoga- It oaa not he OMuoedt howevert that oixailor roeiilta na^ bo 
obtained at aioilar ooocoatratlons when applioationa are taodo to alcal plota undor 
natural oooditions* Ja nature tho oheAioal pzoporties of the water and tho prosoucc 
of other livinj arcooleaia aasr have a profound influonoe upon the activity of tho 
ol^cidol oheaiool* Vjocn portioulerlji the problea of Daintoiaing a killing concen- 
tration in the violaitgr of the als^l erovth far a sufficiently loo^ poriod of tiuo ia 
critical tn tho ooBO of praotloal^ oootrol prooedursa while it ie not involved in 
laboratosy testa auoli ea those Mportod boro. 



ucii^xu'oJ £ind Ciai'koi with euicliorod Jiucsrj in ticloctod c.:wii3 ul;oro ;ioav/ cjid uniror-j 
jro-rtlio of L'lr.lQplioi'n. uoro ostobliiiliad. '1*0 fa^illtcto tho iur-IcuVi' of oiOosr.wtion;:! oM 
to coisoavo a4.porl£uintul i:iAtctri&l» plots vazo oalcctoil on viiich tLo i^tar die! r;2l 
a;oo^ 6 feot In depth. In all c&ooo» olsdlor sd^^uioat orb;^ voro o'Ujor.-'eilr r^^c^sod 
<Uil rcsorvod Tor xiso cs oliock plots. 

?ox> thooo G^fUcatiuTuot (A oXtisinu^u 16 Toot boatj powcrod Ij^' an lo hor-Jo 
];K»or '.:b3tar» vua xtaod, Thiu croft vos Ibtqq <»»]£;]: to aoccucdatc ttie OTulpnont rot'>^ixid 
Ijut hud a nho.1 low enou^ draft to ponalt Ita uso In th« m3so ahallcM nrcaa of tho plota, 

Lic^uid pxoparatiOQO voro &;)plloiI v^tnc a tyi^olinG pcK/orod oantriflo^ 
puap ul;ich voa fitted with & dual int^co. Hiy thla aeaaa it vas poaslblo to cid:.iit to 
tlia axK»tioa alda of tlio pu=^ ali:;:ioldoo in actual nooourod aixunto or at e, fi:cod rato 
03 dotosninod l(y- a n.atf aotar* la the ^^aa^ tlia d-iozdcal to bo cppliod VO0 diluted in 
a lorjo voluDO of vator puqpod £pon tho laJ», A 12 foot hoaap fi^xa which four drop 
coc:5lo^ voro su3panded bdlov iho Xcrrol oT tho surfaoo of tbo Inka, voa nttCLdho<] to tiu> 
&toi\i of tlid *.icat. ^ this cooas ci;eilccl8 vcro OgipHoi in & 16 foot swath end at a 
roojomible da^ith to brlo^; tho dieaio&I moov niQcrlj' in dlrcot cont&ct with tho nls^ 
<:;rc«th, 

Cacyatallino and gronular proporationc woro cijpliod uoinj c coa-jcn cyclano 
Oi-'Oslor, Halatlvo]^- cooreo e3:y3tr-l£; and enonulcs wcro oelootod to asour© oatlflfactoay 
diutributioa end to provide for o rcpld cottlinj of tho obooioal* ^' thia aoa^ia it vao 
ontloipatod that tiio greatost OQnocatxQ.ti«i of tha dioaloal would bo attained at car near 
tho hottout of tb« "ijBka in diroot eootoot witb th« ol^naX growth* 



I:; all caflca tl:o ratcu of ajoli&-tian wccro ci-lculntod on Uio b.-^ia 
of thti total voluuo of vutor or. tljo plot. 

7c-t apxjlicitioiia voro li^Q durir^j porlodo of orJji end. If posDlblo, 
wliv/.i it WuS aatlciijatod tiiat caLa oondltiona uiclit prevail lonj onou^^x to pro'/ido 
sctiorcatury contact vitii tiio olca. -^t the tli:o of applloatioa, dyo bnc^ voro r^diorod 
at a poaitloii aLout tvolvo iacii03 above tho Ijottoa of tlio Icko In tho plot. i>/ tliio 
coans the dirootica aiU rato of drift voa obtained, 

A satlafactcry ixjault cey bo onticipatod an3y vhoa a 1:111 in^ conccutratica 
of tho aljicldal chooloal to nalntalnod In tho vicinity of tho alc^il (jrovth for a 
oufficiontly lone poriod of tine. Certain pcocautiono lauat bo takon, thoaroforo, yiioa 
tC3ta QTo done on relatlvoly aaall ploto in lor^o bodioa of uator. To ovxjrcoio tho 
dilution of tho chcsiloal ty diffualon and \f^ vatar action, hlchor conccntratiorj cuat 
bo usod and, vhon praotical, laxtror toot plota troatod. Coxionly, \^on a rolativol^ 
lorjo portion of tho total oroa is troatod^ tho rcsulta era aoro oattufactozT' and 
rollablo. 

Accordingly, in tho coxaroo of tho Invostl^aticno, olx 6 aoro plots 
voro treated with cixsnxilcr ond ciyotallino proporationa, ^Uiooo opplicationa voro undo 
t^ a ooizaarcial cro;? dustlc^ oircxzit. 

In 1959 tbroo 1 core plota vara troatod with 3«0, 6.0 end 10,0 p.p.n. 

ro3pootl\-oly of aquedln. At tho tvo Icwcr VQt&s nodorato and eovoro rorzovol end 

inhibition of tho crop vaa ochievod. At 10,0 p.p.a, tho crop uao coqplotoly rouovod, 

Tao water toaporatviro wrj 15®C, In I960 eiailar applicationo voro txjdo to tiuroo 1 

aero plota vlicn tho wator toaporaturo vao Lj^C, A otora followod Inaodiatoly oftor 

tho troatsonta voro applied and roaovod tho c*3rkor3, Thoro van ovidoxco of a jood 

deal of idlling in tho \d.oiaity of tho plota but a. propor caoooaaoat of tho roaulta vna 

not pooalblo, ^o applioaticno voro nado lator in I960 at Ifahcvk loland In La.':o Exio 
at tho rato of 2,0 and 6,0 p.p.o* vith tho vator tcaporafcuro at 22^0. Hou^i vator 



-> 



conditiarm occurrod during tho period of applioatloa cad it lo ppobabXo tl^t tlio ratos 
of application uoro noi lilc^ onoucii £qs thft provailiiig coulitiaia* l>o appsociablo 
co:itzol vao QGhiovod. 

At tho ooad looatloa in VJ^O^ noor Ilobaul: Island, ono application of 

o 
t^«5 P*p*Q* of TD-47 voa codo in vator xAd.di was 21 C, Soopito rolativoly ro-<^ uator 

couditiona uhioli ^irsvailod dusliij tho pozlod of c^pllo&ticnv upproociuatoXy ?Ci,> of tho 

crop vas rooovod t^r th« troataont* 

As has boon provious^or ropoartod« coppor cod oraonio ooapoundOt uliich 
voro toatod dxirinc 1959 find I960, had no o^prooiablo offoot. In vlou of x^jporta of 
oatisfoctoxy ooatrol of Clrvlryphrrm In aaoIloT bodlos of vatcQ?, end onrcn in tho Croat 
I<ajsoa, b7 opppor milphatOf it woa oonoludod that ooro oxhoustivg tosta should bo .^;do 
of this ooapoaai. in 19^1« Aqiialia and 7IM7* both of wbidi hod shoun prooloo in tho 
lAitiol tosta » voro aelootod oa vol! for f\irthar Btu^. Tho rooulta of opplicationa 
of algjoldul ohojicala nodo In 1961 axo eucoaarizod In ^oblo a« 

Ploto 1 to 4 and plota U ond 12 voro six ocroa ooch. ?ho (p.^cnulcr 
and ctyBtftlllno pxt^^axatlono voro appliod fsoa. a oxpp duotinj aircraft* AH othor 
plots voro ooo aar9 la slaw and iMora troatad X^raa tb« boat* 



t] jr,Uj^ 



iJuixiaiy of roouita of cpijllor-tiona of al^oidal choaioala 
fear tha control of Clr^lo^jho^a 1961 



3ato of 
/.pnlica- 



Toat Plot 



Alfp.oldO 



Conccn- 
txdtion 






Juntt 29 



July 5 


JvOy 6 


July 26 


Aug. 15 



AUff, 25 



4 
5 



f 

n 
Si 



L* Qatsrlo 



L. Qatarlo 



L, OatQzio 

L. Oatario 
L, Cdtozlo 



Im Ontario 
L« i^torio 
h, C^tazlo 

L, Brio 
L. Ss±Q 
L. Ontario 

L* Ontario 



L. £ri« 

L. I3ri« 



TD-47G 0.25 CaT.nloto Id.ll of bottoa 

Cro'Jtli. I'luuDO poi*3iDtinj» 

Partial rosoval. 
CT-47G 0,5 ^inilfir to cbovo witli rx>ro 

killing of plunoa ar^ uitli 

noro orop roaovtil 
CuSO^ 10,0 Initial chloroala in do-:o 

orcos. Othork/iso no rc;:ult 
CuuO^ ^,0 :io roault 

TI>-191 0,5 I3ott03 crarftli killod uith 

uoKO plirjca roaovou. -^o:^ 

tjrasii cloorod Vut noatly 

poraiuiiijj 
Aqualln 3»^ ^-o ro3ult 

A(iualln b»0 Crop killod and rc-ovcd 

TB-47L 0.5 Coupioto :dll of crop but 

with no rtnoval 
Aqualin 3«0 75, J crop rcu:oval 

Aqualln 6*0 i/0,j crop rcjovul 

TD-47(J 0.5 Caloro^lo of cro;) '^tli a 

partial rcrioval of tUo oi-oi^ 
n>-470 0»25 Oiloroaia of crop with 

ronoval leaving (xilif a 

"otvwblo" c;rowtU ovor croa 
73-473 0.25 Caloroula and aluoot ooniploto 

rciooval of crop 
TD-473 0,5 ChloroJio coi7;)loto acd partial 

rcwC?^ of crop 



G — crciraiior proporatioo 
L — liquid proparation 



Aoriol applloatioas of ooppor sulphato (Cu^^O^cSI^o), oode en six aero 
ploto at rates of 5*0 and 10,0 p,p,a,» produced no visible result at tho lovor rato 
of applicatloxu At 10,0 p.p.ia* uaao chlorooia of tho toxoinol filosonta vas cppcxont 
initially but tho troatoont had no poroonant lufluonoo upon tho ciovth. Aftor a 
poriod of two vooka tbeora vaa no obsorvablo diffor«ico botuoon tbo chook ploto end tlioco 
to vhioh ooppor sulpbato bad boen applied, Aa a rosult of those lar(;e coalo applicatior^ 
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cr.d in view of iirovioua teatinc of co;^cr oulphato on ono acra ploti; itj lo conoludod 
tliiit thlo ooapound is unauitablo for tho oontrol of CTf/fophrmt In Ixstqq bodioa of wator. 

Aerial applicmtlona of cranuiar T^47 (^loto 1 and 2) voro uodo ulion tho 
,"atar tcrrporaturo waa S°C. ai3d at a tiiuo uiion tlio crop wae attnininc" ito pluaed, "aatura** 
condition* In oaoh ooae (ill of tho bottoa i^rovth was bloacliod snd kUlod l2ut not 
rosovod. At 0*5 p*p*iiu a {p?oatar Idlllnj of tho plunoa voa oohlovod than vith 0«25 p«p«m* 
It ia iMlioved that tho hard-bakod csaaalQa oonk rapid!/ to tho botton and roloiisod coot 
of the ohoQlcal at that poi^it without ostahlishlaj a killii;::; oonoontiutiQn at hi^or 
lovols in the vat«r« In contrast to tha rosult obtained with TJ-4'7 In 1960 when tho crop 
va0 doatrc^ad and rooovodf tha bloachdd rasnnlnn of thlo <arop naraiotod on tho plots for 
4 voi^oi until roaovod "by a. atom on Au^;viat 1| I9SI9 The initiation of tha seoond crop 
on the plots voa not inhlbitod V the troatnont. 

Aerial applioatlooa (plota 11 ond 12) vero ixula In Lako Ontario whon the 
water tonporeturo voo 16^0, ond oftor tha establlohmont of tho oocond crop* In co^<zral 
tho resulta vera laore oorkod Mhaa ia the ooao of oorlier i^plioaticna isudo In coldco: 
water* In each ooao the crop was bleached and poxtially rooovod but tho 70L;o''.'al urji 
Buch core oarkod in tho plot troatod at the rate of 0,25 p.p.a* then in tho plot to 
which 0*5 p*p*Q* vaa applied* 

Applications of 73-47 (Ploto I5 end I4) which war© nado in Leko ^Irio 
ulun ti;o x.'ator teai>er«i.t\u?o was 22 C« produced siuoh oore satiofaotoxy rooxilta* In ooch 
caaa the Clpi^n-ihnm Waa olinost ooopletely Idllod and rooavod loavln^ oloorod oroca in 
Hi^ plota* Afl deaoribod above for ploto 11 and 12, the crop appeared to be ooro effoct* 
ivoly roaovod bor treataont with 0*25 r*p*a. than vith 0*5 p*p«ia* 

One i^plioatica of a liquid forsulatioQ of TXI-47 voo inado (Plot G) in 
LaI;o Ontario at the rata of 0*5 p*p*Q* The reault voa BOQOWhat laoro oaticfactoxy tlxan 
that obtained vith a aiioilar applioation of a enmulor prepcration. Tho csitiro crop 



voa Lillod at all levols in ths vator but tho bloocliod nicuaats voro not raiovod. 

During 1?61| tliQ voiy eatidraotuiy control of Clrr^o -thorn y vhicli vcjj 
GcMovcd with ?D-47 in l?iO, uas novor duplioc-tod, evoii undor aoparantly oiriilcr 
condltionot ond it io proboblo that ocolc^col footora not yot boon tokon into 
oonaidoration, ar« roaponaiblo Tor tho vcriablo rosulta obtained. 

On tho basla of those toots it is apparent that tho orf&stivcnc:;;^ 
of 7I>-47 In th« ooatrol of Clp^nnhrtrr^ is sudi roduocd vhon tho vator ta:::paraturo 
is bolov approxii^toly 15^C* Tho action of tho ohoalool io rapidf hovovor, and tho 
rotontlon tluo ocy bo roduood to a i^attoo? of oinutos. It is cu^tTOstc^ that* vitl^ 
inprovod tlnlnj and notiiods of applioatioat suitable control of Clr-iiaphorA ixjj bo 
achieved ultiiQ&tely by the uoo of this cheaicol. 

Aqtiolin was appliod at rates of 3*0 and 6*0 -pw^tVi, in Lako Ontario 
(Plots 6 and ?) and in Loke Erlo (Plots 9 end lO). The fornor t03ta uore conducted 
vhon tho water tonperature was lO^C, and no result was obtain od wit^ 'S,0 p.^>^. 
At the rate of /i.O p.p«Q.» howenr^c, Aqualin killed ond dostx^c^d tho carop ovor the 
entire plot. In Lake Srio, with the water toaposature at 2l°G., 75,4 end 90, ^ of tho 
orop was roQOvod in the 3.0 and 6*0 p.p.u. plots roopootively. .loroovior, as a ro3ult 
of dxlfti extonoive areod outside tho plots wore killed in each case. 

For tho sctisfootoxy applioaticck of Aqu&Xin, it has bean reoorzionded 
that tho water tcn^peraturo shoiLld bo groater than ajigrocclnatoly 20^C. !niQso results 
support this contention. Vlth suitable vator teciporatuxe oonditioos and ^lon tho 
period of reteniicn is adequate* positive oontxol of ClMopharu. iXij be adhievod with 
oono^mtx'atlOQS as low as J.O p.p.n* 



Tor tbo coat port, hoaltlv» attachod cp:ovtha of Cl-^'in-^'-o-^-'. do not 
cro^to oorloua problooa altlioucU, la torplnnl atscoa of dovelcpiaoit, tlio alja n^^y 
roocli tlio ourftico to Inttarforo with boating and to proaoat aa unoijhtlir appeariir.co. 
-..lion tl;e al^ boooaea f^rao~noatia<s» houover, and lor^o ixuisos ooounulato mid 
diointec^ata at varicua points alons the ohoro cojor problo:33 rooult. riio odour 
is QOQt offdnaiv« ond the dlatnteGratln^ matorlal Itaolf oakoo "Uio boadioa end tlio 
lako i^ront quite xinouitoblg for uso* Tho coabinod dotririentol offooto c<jiistltuto 
a sorious end ooaploz oituation. The size of Hio lake Itsolf, the oxta-id of tho 
ol^ial boda ond the need for InfoixaatlQn ooncoxnln^: the crroi/th and control of uucia 
aquatic or^onissa coabine to sake projross tovord a aolutioei of tho pxobloa both 
slow end difficult. 

Tho noat diroot approach to a oolutiCQ nlcht Involve codiaalcal ro^iovcJ. 

of the accicnilatod aasooa. TMa prooeduro haa boon applied by a nuabor of irxlivl<Iual£ 

and 
end nunlcipalities oo suitable shorolinoa/ulioro the rock forcatiooii do not procludo 

the use of mechanical oqulpsont, oatisfaotoxy rosulto 007 be obtainod. Unlbrtun^toly, 

liovovoTf thia siatorlal noroally lodcoo in rou::^! and unocccooible croos which cnnnot 

b9 worked with tho available ooohoaioal dovioes. 

There have boea reports of efforto dosicned to control tho odour whlcli 

raoults f^roa tho arQonlo broakdown of the al^i;al aoooos and aoao ohooloalo l'4ivo boon 

rccoa=iandod for such use* la the oase of olnor acoui^ulations and for short porioda of 

tL'jo it is ooaoolvobla that sooe toqporozy rolief zai^t bo affordod V thia noana. 

If the odour ie to b« cwtually proventodi hcwevor, tho ontire ooos of al^al catorial 

would requizo to be sterilised sad to bo kept oterll oontlnuously. Biolo^callj, 

thio io not feoslblo* 
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■ In our proooat otato of Lnowlodjo tho control of vlIrU.'.'liQra nulja;ioo;i 
\ 
\ f). involve tho control of growth of tho ol^a dirootly on tho bala or tliO ->:iyjical 

\ ,-.joval of ohorolina accuaulatiooo. Clp.(lr>nhor'A crovtlui dovolop profiwoly to dopth^ of 

tea foot end it has "bom oatiaatod timt thirty to fifty acroo of tiio crcjutli r^ay bo 

proaont alooj 9a£2x linoor milo of ohoro in tho affdctod orona of Lako Ontario, Tao 

ol^al crovth cay oovop tl» lolctf bottoa ooaplotoly and tho fllaconto say hooa^ t-roo to 

four foot in length. Sine© tho ultinata aocuoilation of tliia natorial at tho ohoro 

involved the brookoff of the crop aad Its teonsport by wind and curront action it vill 

bo noooaoaxy to apply oontrol oo&suxoa ovor lar^jo areas to provldo oay aaaurunco of 

protootlon a^^ainst aooumdationa in any end opocifio aroa« IToroovor* ainoo it io on 

accTinuIatlon probleo, coaplote control will bo roquirod. It hao boon noted that, 

oven ^on tha al£;al crop is olnlaal. It i« possible to havo vozy hoavy locolicod 

aooui^ulatiooB, Converaoly^ a hoavy orop of aljja dooa not nocosoarily noon that hocvy 

aocuziulatioas vlll oocurp as this will dopond \;pon wind and cirrront action. 

Bxoossivo Gzovtha of aquatlo plants noy uoll bo aosociatod vith hi^i 
lovolo of oonoentraticn of zutriont salts psrosont in tho vator. Tho ultiunto control 
of nuisance aquatlo growtbo cioy involve vldoopread offctrto to provont tho rapid 
oinorali^ation of natural vatora which is foin^ on tod::^ in cost popt;latod end dovolopod 
oo"Vv\mltiea» Befcore such prooodures wo^ be ovon ooatonplAtod» howovor, intiinatd 
knowledco of Cm nutritional requtrouents of the various plants conoomed cust bo 
ooquirod end inf oroatioa ocnoexsilnc the (uctent to which nutrionts in nattiral vatora 
Qi^t be reduood oust be obtained* 

With respect to Glcdophara-tlcrvols of oonooatratioQ of nitroGon and 
phosphorus have boon dotermlned for Lake Ontario during tho pariod of invooticatiQa* 
In toras of total nitrogen and total phosphorous detogtalnr.tiona, tho hi^^oat ooncon- 
trations were rooordod in 1959 s&d the lowest in 19^* Ho diroct oo-^t)lations havo 
- boon cade botweca levels of nutrient oonoeatzoticos and Clr.Ann^n-pf^ production, but it 
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la oavioua tha.t tlioy ImTio not boon llnitine voluoa, DurUic tl;o porlod of Invouti- 
.Tatlai, tha hoaviost ox*oi) occurrod in 1961, 

Tho influence of apooltlc mitrionta ouch oo those oasociatod uitli 
orcanio waatoo, the effect of vator aovonont upon tho utilizatiai of cvaiiablo nutriaito 
end othor i)poblcaa auot Ho invooti£?itod vith (;i^^.on v^car;\ u.idor oontrolled oonditiaia to 
Iirovido for c c^~..i.««v ».i^w'JtG.'*:^iir^ c " ..^» Thia uoaic and ultirjato -^.oariu of 

control, bosod upon nutritional footars, is not foaaiblo now but oliould not bo nocloctod. 

For the oontrol of g^ gfloph P"^ la the Qroat Lokoa, tho opplication of 
ol^oidol olieniools holds the {proatest icsoodlato porataise* A ouitoblo alclcldo ciust bo 
toodo onouc^ to kill the auisanoe srcvrtb but not so tooclo to othor livin*;; orcanisuc as 
to oroate problooa. Its atobility end its rate of obsozptica and octioa au3t jo ouch as 
to Dske pooslble an edequato ret^ition tltao and killing ootion. Jlth rospoot to Loico 
Ontario, a ohomloal uhiob would be offootlve at low toqperoturoa vovdd bo doolrod. 
Pbiyalcal and ohoaioal propertioe vhioh enable tbe ooti^>tiund to bo econaaicollj ond 
effeotiTe3y applied ore essential in addition to low initial oost* 

Aquolin ond TD-47, arsons all tho al^oldoa tostod, have booQ foixr4 tho 
most pronisln^ ohonioals for Clniioph^m. fprawtha. At 5*0 p.p«n, to ^.0 p.p.o. of -^qualin 
oatiflfootoiy rosulte aoy be obtolnod in water 20.0**C or hi^^Jior. v;ith TD-4? 0,25 to 0,5 
p.p.m. applloaticns have given slQilarljr satisfaotccey rooulta in water 15,0°C. or vcrcor. 
Thoao results are not thoroughlsr reproduoable for reasons which oro unlsiown at tlio 
nooent* Slnllnr appUoaticas laade under apparently sjallmr conditioos havo crlvcci roaults 
ron^in^; Araci ocoplete oontrol to no control despite the foot that, f^nia lQ2>oratozy tea to, 
tho pl^otaxio properties of those oos^pounda is unquestionod. 3oao footer In tho 
onvlr on rn o a t , which has not been recofpiiizod and tokon into oonaldoraticn, is Involvod, 

^e oontlmtod study of the applioatica of both of thooo OGc:pounds \fitLi 
roapoot to tholr foxmilation, oothods of applioation and to the influonoe of ohouical, 
p^lool and bioloslool fbotors in the lake upon tbolr aotivity, is wnnRmtad. 
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rf'lth zospoct to conoral toKiciV* oodi of thoao coa;>ourjda lo touzic 
to rich end otlior llfo at lovols voll bolow tho ooncontJMtloaa roquirod for aatiafactoiv 
clcloldol oatioa. In this problaa, hovQfver» an alnoat puro otund of Clni^opM-r. is involved 
and oa fish aro not nu;:;9rous in Lake Ontario in the oreas ulioro troatnont viU bo ro^iiirod 
it ua^ b« poosiblo to uao thooo ooqpouoda. 

Con0i!...^.j Aquolin ond TD-47 ^^^ 'O standpoint of ooat, rou^t o^tl^uatoa 
only °^^ availoblQ oinoo Canadian pricos havo not yot booa flroly ootobllshod. Treat rxint 
vith Aqualin^ at tb« rato of 5*0 p*p*Q« end 6*0 p*p«m* oa a four foot acrOf is ootii^tcd 
to cost botvreen C23,00 and C4^«00 foar E:;at07laXo, 

It ia ostinntod that tho coot of natorial for applloatlono of 0.25 cjrA 0.5 
p*p.Q. of 7D-47 to a four foot oore voijCLd be CIO, 00 and C^^.OO roapeotively. 

The ooat of applioatlcn for granular oatorlal applied b^r olr will be 
approximately 24*00 par ocsy TD»47 b^^ be proporod as gcrtmilcr naterial oo that tho 
ostiiiatod oo3t of thia oatorlal applied would bo C40.00 por core. Aqualin can only 
be applied xmdor water so that o^y tzoatiaont usin^ thie ohoolool ouat bo dono by boat. 
Tho ooot of thio operation is likely to be cgQatoac then air application ao UiaX oauothLnj 
in exccja of 350*00 per oore would bo ontloipatod. 

Bested on a figure of 50 oorea of ol^ol beds par linear nilo of choro ond 
a neon depth of four feet the oat^^^ls and application ooat for troatnont with TD-47 at 
tho hlf^er rate would be C1200 per lalle of X^xatogo and 31500 per sile for -qualin. 
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!• Cladophora ctovs tn nulBanoo c^uantltlos In extonsivA oroos of tho Caoodlan 
vators of I>ak« Ontario and Lak« Sri9 vhsrs suitable l}ottom ioad wator oo^^noat 
are prosont. laolatad ocourrenoes in Lake Huron, Ceozt^an Bay and tha St. 
lawrenoo Rivar aro ropotrtod* 

2, Roproduotive l>odl0a are foxoad oontloaalljr throuc^oat tiio (pKMixss aoaaon end 
vhonavor auitabla oonditloca aro provldod {pravth i^Dy bo rapidly oatoblishod* 

3* Crovth ooQo^nooa lata in May and tha orop '^turoo" in July* 'Jhoa "laaturo'* 
tha crop nay \>9 lirolran looao by vavo aoti(» and fteo-rioatin^ imsaoa of aX^al 
catarial oay aubsoquontly a oouBu l ato and dlointO£prato alaae tha ahore. A 
aooond crop, vhiob dofvolopa oa tho first crop braolca looaat hoa not boan oLaorvod 
to break off and oauao aooiaulationa to tho soao ortent* 

4, clMonhora tolerates a vide ran^e of water teaperaturos, I'otoorolojical raota;ro 
taat(xra and ocnoontrationa of nutrient eleotnts, insofar aa th^ have boon studiod 
during thla inveoticationy have offered no boa is for an explanation of aoaaonol 
fluotuationa in olcol produotivitijr* 

5, Iluisanoe ^uontitiea of cinAev^hm-.m appear to develcp in roopoase to fertility wliore 
o^er environaantal conditions are suitable* In the Great Lakes a snail inorooao 
in nutri«Bit oonoentration is suffioient to prooote the crovth of this ol^* An 
ezooption to this ua^ be Lake Erie ubaro the eaneml lovrei of nutrients csy bo 
suffioient to permit Cladoph<»:a erovtha* In a nis^ber of instonoea the crotfth of 
the al^ can be specifloolly related to a sin^fle nutrient oouroo. 



6. Coiipor oulphato hao be«n shown to bo InofTootivo In tho oontrol of Q^ n.f^. '^^hcji-tt 
under lako oondltlono. Aqualin and 7D*>47 ha,v& boon sha^ to b« capdblo of 
ooatrollinc tho crovth of tha al^ at rooaonoblo Icvola of oonccaatratlon. Tho 
rooulta, bouovort sx« not ri^la2>le cod oapablo of duplication, T'oro dovolopoont^l 
vark is roqidrod to dotsraino tho faotor or footora vhioh is roaxonsibXe for tho 
voriAbility of th« reoults* 



1. In vi«w of th« suooesa already attaln«d In the oontrol of Cladophor?! hy 
applioatioaa of Aqualin azid 7B<-47t inv> ^ .wiona of these oonpounda should 
be sontinued. Studies should involve tTpes of foraulatlons and laathodfl of 
applloatiod and should be dealgnod to detexuine the footor or faotors in the 
lake environmait upon whloii the variability In the effeotivenesa of those 
cheraioala depends. 

2. Hew ooapounds and new foxQulatloii0»aa thflQr are siade available "by Industzy, 
should be tested and evaluated with reapeot to this pressing problon yixioti is 
serious now and which is likely to become aore serious in the future. 

5, To derive prootioal and true evaluations of al^rioidal preparati^U!* lar^e 

scale applioations saist be osde* 
4* Li£tnolo^oal st'odles vlth reapeot to the proper looations for sewage and indxis trial 

waste outfalls, which mi^ht help to nlniniae the problem of ClndoTj^oi;'?! production, 

are reooamended. 
5« Intensive studies undor laboi^atoxy aandltioasi oonooming the biology of 

Clf^lophora should be sujiported and proBOt«d. 



■( 



•( 
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LAKE ONTAWIO - LAKCFRONT SlIRYCY 
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INTRODUCTION 

Cladophora la a plant classified under the algae group 
that is typically found growing attached to the bottom on rocky 
wind awept shoalf; of the Great Lakes. It grows in abundance only 
along certain sections of the Great Lakes shoreline, particularly 
in the Port Credit to Hamilton area of Lake Ontario and in Lake 
Erie east from Port Faitland to the Niagara River. Significant 
Cladophora growths also develop In other isolated locations in 
Lake Ontario, Lake Erie and the St. Lawrence River, Problems 
caused by Cladophora accumulations have also been reported from 
the United States waters of Lake Ontario and Lake Michigan. 

Cladophora growths first appear in the spring during 
the latter part of May. During the month of June a rapid growth 
takes place but after the initial development a variety of growth 
patterns have been observed. The algae may cease to grow when the 
filaments are a few inches long or they may continue to grow until 
they are two feet long and cover the bottom completely. In late 
June and early July onshore winds scour the algae off the bottom 
and pile it along the shore. The quantity of algae and the time 
of its appearance along the shore depend on the winds and currents 
and a heavy growth on the beds may not develop into serious shore- 
line conditions if the wind and current are not suitable to bring 
it ashore. 

The accumulations may range from only a trace to piles 
three feet deep and forty or fifty feet wide and these may cover 
extended sections of shoreline. When the attachment of the algae 

1 



to the bottom loosens in late June a favourable wind condition 
will usually bring in most of the available algae. Subsequently, 
further and generally smaller quantities will continue to wash in. 

When the algae accumulations develop along the shore, 
that portion of the algae lying on the warm water begins to 
decompose. Within two or three days the algae looses its typical 
woolly texture, turns black and in the process of decomposition 
develops a strong "pigpen" odour. That portion of the algae which 
has been thrown high enough on the beach to dewater dries, develops 
a hard cardboard-like consistency and does not create any odour 
nuisance. A small dipterous fly is attracted to these accumulations 
and may constitute a nuisance by virtue of their numbers. 

The Ontario Water Resources Commission has published 
previous reports in the years 1959 i I960 and I96I entitled 
Cladophora Investigations; Observations on the Nature and Control 
of Excessive Growths of Cladophora sp. in Lake Ontario and Lake 
Erie. 

RESEARCH PROGRAM 19 62 

Excessive growths of Cladophora have long been recognized 
as a problem in both Lake Erie and Lake Ontario and concern has 
frequently been expressed by municipal officials and property 
owners alike. As most of the previous work had been done in Lake 
Ontario, it was decided that in I962 greater emphasis would be 
placed on studies in Lake Erie. It was also hoped that generally 
warmer water and perhaps a more dependable algae crop would 
facilitate the field testing of algicidal chemicals. More informatjon 
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was also desirable on the extent of shoreline affected by this 
problem and some detailed surveys were needed into the specific 
lake conditions which promoted Cladophcra growth. 

The testing of a number of chemicals In the field to 
screen their effectiveness as algicides is time consuming and 
natural variables render the results difficult to interpret. In 
order to circumvent these problems it was decided that an attempt 
would be made to develop a laboratory screening procedure. This 
procedure proved to be effective and a number of chemicals were 
studied to determine their relative toxicity to Cladophora . 

The two chemicals which were found to be most effective 
on the basis of laboratory studies were ones which had previously 
appeared promising in lake trials. For this reason, a sufficient 
quantity of chemicals was purchased to enable an extensive treat- 
ment on growth areas. 

Some municipalities, individuals, and beach associations 
have attempted to clean up accumulated algae along the shoreline 
using mechanical means. It was felt that these procedures could 
be improved and that some initial investigation should be made in 
this regard. Further investigations were also to be attempted into 
the effectiveness of odour control agents on the decomposing 
accumulations along the shore. 

LABORATOPV TESTING OF ALGICIDES 

The field testing of chemicals to determine their 
algicidal properties is subject to many variables such as water 
movement and uncontrolled temperature and the results of such 
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experiments are difficult to interpret. Furthermore, wide 
variations in turbidity makes observations difficult and the rough 
water typical of the exposed location where Cladophora normally 
grows frustrates the researcher. In order to screen a number of 
chemicals rapidly and to determine the effects of various con- 
centrations and exposure time, a laboratory procedure was devised 
which proved to be very satisfactory. 

In this procedure three-litre volumes of the test solu- 
tions and controls were prepared with Toronto tap water adjusted 
to the desired temperature. Fresh samples of the alga were 
obtained from attached growths in Lake Ontario and portions exposed 
to the solutions within three hours of collection. After the 
exposure period the Cladophora was transferred to clean tap water 
at the same temperature and maintained, with dawn to dusk lighting, 
for six days. Sub-samples were examined under sixty power magnific- 
ation, one, three and six days after exposure, and the percentage 
of cell damage estimated. Results presented here are based on 
six-day observations, but usually those at three days were 
Identical. Cells were considered damaged when they showed an 
apparent shrinkage of the cell contents which subsequently dis- 
integrated, leaving only the cell walls visible. With a large 
percentage of cell damage the alga became muddy-green in gross 
appearance, slick to the touch instead of woolly, and fragmented 
easily in water. Controls remained in their original green 
condition throughout the tests with cell damage less than five 
per cent in all but one case. The pxception was the control held 
at 71'*F, which exhibited terminal cell damage to t?'e extent of 20 
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per cent of the total mass. 

The effects of temperature and length of exposure period 
on the toxicity of Hydrothol (Penco 4?) and Aqualin were examined 
in the first series of tests. Samples of the alga were exposed 
to 1 ppm active Hydrothol and 10 ppm active Aqualin at 60 , 65 
and 71*F, for one and four hours. The percentage of cell damage 
observed in each case is given in Table I and illustrated in 
Figure I, 

TABLE I - Damage to Cladophora by two algicides at 
varying temperatures and exposure periods 



Percentage Cell Damage 
Product 1-hour Exposure ^-hour Exposure 
60° 65'' 71" 60" 65° 71 
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Hydrothol, 1 ppm active kO 50 90 98 98 100 

Aqualin, 10 ppm active 90 95 100 100 100 100 



These results indicate that both chemicals were efficient algicides 
with an exposure period of four hours, effecting at least 98 per 
cent cell damage. Moreover, there was no great difference in 
efficiency at the three temperatures. The four-hour exposure was 
generally more effective than the one-hour period. The exception 
was Aqualin at 71"? which produced maximum cell damage in only one 
hour. The data for one-hour exposures Indicate differences in 
efficiency of the chemicals due to temperature variation. The 
cell damage produced by Aqualin was reduced only ten per cent by 
exposure at 60*F, rather than 71*, but with the 11" reduction in 
temperature the damage by Hydrothol decreased from 90 to kO per 
cent. 



In the second series of tests several algicidep were 
screened for potential toxicity to Cladophora by exposing portions 
of the alfrae to various concentrations of each at 65*?, for periods 
of one nnd four hour?. Porraulations tested in this manner included 
Hydrothol , Aqualin, Hyamine 3500, diquat, paraquat, copper sulphate 
and NIA 5625, an experiirental chemical. Phygon , Penco 191. Garlon 
and copper seauestrene produced less than 80 per cent damage in 
four hours in prelininary tests at one concentration, so were not 
tested further at the time. Results of the series are presented 
in Table II and III, with those from Table II illustrated 
graphically in Figure 2, 



TABLE II - Damage to Cladophora by three algicides at varying 
concentrations and exposure periods at 65*? 



Product 


Concentrati on 


Percentage 


Cell 


Damape | 




ppm active 


1-hour Exposure 


^- 


-hour Exposure | 


Hydrothol 


.25 


< 10 






50 




.50 


10 






50 




.75 


25 






98 


1 


1.00 


50 






98 


Aqualin 


1. 


10 






30 




3. 


60 






100 




6. 


75 






100 




10. 


95 






100 


NIA 5625 


.10 


< 10 






ko 




.25 


20 






70 




.50 


40 






80 




.75 


60 






90 




1.00 


95 






100 




3.00 


100 






100 




5.00 


100 






100 



TABLE 111 - Baniage to Cladophora by four algicides at varying 
concentrations and exposure periods at 65*P 



Product 


Percentage Ce 
1-hour Exposure 

Concentration ppm 
1 3 5 


11 Damage 

^-hour Exposure 
Concentration 
1 3 5 


Hyamine 3500 


<10 


50 


70 




10 


75 


80 


Diquat 


5© 


75 


100 




50 


95 


100 


Paraauat 


50 


75 


100 




95 


95 


100 


Copper sulphate* 


a 


10 


95 




<10 


20 


80 



♦ concentration as salt 
The data indicated that by to the concentration where maximum 
damage occurred at one hour, cell damage was generally more 
extensive with the four-hour period. An antomology occurred in 
the case of the copper sulphate (Table III) which appeared to be 
somewhat more damaging at 5 ppni salt for the shorter contact time. 
Damage of 95 per cent or higher was observed with four-hour 
exposures to Hydrothol at 0.75 Ppm active, NIA 5^25 and paraquat 
at 1 ppm, and diquat and Aqualin at 3 Ppm. This degree of 
efficiency with one hour of contact required Aqualin at 10 ppm, 
diquat and paraquat at 5 Ppm. The efficiency of the experimental 
formulation NIA 5^25 was still 95 per cent at 1 ppm with the 
shorter contact time, while that of Hydrothol was considerably 
lower. The advantage of maintaining the longest possible contact 
period is obvious. 

While these laboratory findings were not expected to be 
strictly comparable to field conditions, they do indicate the 
relative alficidal merits of the several chemicals considered, and 
those worthy of further Investigation. Aqualin, diquat, paraquat, 
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Hydrothol and NIA 5^25 exhibited good algicidal properties against 
Cladophora and fall into this category. The latter three are 
noteworthy for their activity at l»w concentrations, 

lAKE ERIE 

Survey of Growth Areas 

In May 1962, some general observations were made along 
the north shore of Lake Erie between Port Maitland and the Niagara 
River. As a result of this survey, the area fronting on Wainfleet 
Township was selected from intensive study. Two points, namely 
Rathfon Point and Grabells Point, were surveyed in detail and 
later used as test plots for algicide trials. Rathfon and Grabells 
Points lie three miles and six miles respectively, west of the 
town of Port Colbome. Measurements were made to determine the 
length of the rocky shoreline of these points and to mark in the 
depth contours offshore in order to determine the extent of bottom 
suitable for algae growth. Grabells Point (Figure l) was found 
to have a continuous rocky shoreline for a distance of ^,225 feet. 
Offshore, the three, six and nine-foot contours were sounded and 
plotted on a map. The type of bottom in this area was also noted. 
The total area of rock bottom lying within the nine-foot contour 
was found to be 133 acres, and there were 8^+ acres within the 
seven-foot contour. 

At Ratbfon Point the rocky shoreline extended for 5,200 
feet (Figure 2). At this point the three, five, seven and part 
of the nine-foot contours were plotted and observations were made 
on the type of bottom present. A shelf dropping off into water 
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greater than nine feet in depth followed the shore very closely 
along the westerly 600 feet of Rathfon Point. The width of the 
shoal then increased and extended in an easterly direction. The 
central portion was essentially solid rock whereas the easterly 
area was composed of mixed bedrock and a houlder-sand bottom. 
This ultimately gave way to a pure sand bottom. A total of 20.1 
acres of continuous bedrock where the depth was less than seven 
feet was calculated to be present and there was an additional 
26 acres of bottom composed of a boulder-sand mixture. 

Observations on Cladophora Growth 

The first observations on the growth areas were made on 
May 17th, at which time the algae had just started to develop. 
Thereafter, observations were made at approximately weekly interval 
During June the crop increased and on June 6th, detailed observa- 
tions were made of the Cladophora conditions on both Grabells 
Point and Rathfon Point by scuba diving. The rocky bottom in bath 
of these areas was found to be almost 100?S covered with Cladophora, 
having a filament length of three to five inches. Continuous 
observations were made offshore to the point where the algae 
ceased to grow. This occurred at a depth of about thirteen feet. 
There was an obvious lessening of the length of filaments and the 
percentage of bottom coverage between nine and thirteen feet. The 
total crop had a light green appearance with the exception of the 
vicinity of Rathfon Point immediately facing Rathfon Inn where 
the beds were noticeably darker in colour. Large numbers of fish 
were noted, particularly at Grabells Point. Bass nests were common 



in the algae beds and newly hatched fry of an unknown species were 
numerous, particularly in the near shore areas. 

On June 27th, at the time of chemical applications on 
Grabells Point the appearance of the algae had changed somewhat. 
In the areas near shore particularly, the beds in gross appearance 
had a lighter green to almost a straw colour. On close examina- 
tion, most of the basal parts of the plants were green changing to 
the straw colour towards the end of the filaments. Growth had 
continued in the interval and the filaments on the beds were as 
much as ten inches in length. On July 6th, the gross appearance 
of the algae had lightened a little more and there did not appear 
to be any extensive additional growth on the beds. On July 13th, 
the algae had not grown any more. There was still the bleached 
appearance to extensive areas of the beds and there was evidence 
that the algae had loosened considerably on the bottom. The algae 
loosened from the bottom and twisted into rope-like strands, or 
collected in loose balls on the bottom. This left some parts of 
the bedrock exposed, Shortly after this date, onshore winds began 
to blow algae accumulations ashore and by the 2^th of July most 
of the crop from these two points was piled up along the shore and 
beginning to decompose (see Figures 1 and 2), On July 24th, the 
beds were carefully observed by diving from the shore to the outer 
extremity of growth on Grabells Point, The bottom from the shore- 
line to nine feet was essentially clear of algae. The rock and 
cobblestone bottom which had been completely covered before, was 
now clear with the exception of some brown bits of obviously 
unhealthy algae. After nine feet the algae was green, six to 
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eight inches in length, generally not too firmly attached and had 
much the appearance as the general crop on July 13th. It would 
appear that the waves and currents that had dislodged the crop at 
depths of ]ess than nine feet had not affected the algae In the 
deeper water. 

Further observations were made of the algae growthe on 
these points on July 30th, August gth, 23rd and September 10th and 
no significant regrowth was observed to develop. A few strands 
of light green algae did develop but only a very small percentage 
of the bottom was covered. 

Further accxamulations arrived at the shoreline after the 
initial cleaning of the beds that occurred between July 13th and 
July 2'+th, but these were minor in nature and never assumed the 
proportions of the initial deposits. On July 23rd, a survey of 
approximately sixty miles of shoreline was made to determine the 
position and extent of the algae accumulations on that date. Algae 
was found to have accumulated in eighteen places affecting a total 
linear beach line of about eight miles. 

The condition of algae growing in beds in the vicinity 
of Crystal Beach was observed on several occasions. On July 5th 
the algae growing on Point Ablno had much the same appearance as 
that at Rathfon and Grabells Points. The Cladophora growing near 
the easterly limits of the village of Crystal Beach, in the 
vicinity of the sewer outfall and further eastward for at least 
one mile, was found to be much more lush in appearance. The 
filaments were longer and the green colour was much darker. No 
large accumulntion came ashore on Point Abino but the usual heavy 



crops of algae drifted in during the summer at Crystal Beach. 

On September 24th, the bottom throughout this same area 
was still covered by a healthy dark green mat of algae. 

Algicide Trials 

The selection of chemicals for trial use in Lake Erie 
was based on the laboratory tests and previous field studies. The 
laboratory tests indicated that Hydrothol and Aqualin would prob- 
ably be the most effective and economical alglcides. In previous 
years a number of field trials were made using 0.25 ppm and 0.5 ppm 
Hydrothol and 3 to 10 ppm Aqualin. Some fairly good kills had 
been obtained but the results were not consistent. 

In Lake Erie it was anticipated that the warmer water 
would permit early treatments and allow for retreatment should 
subsequent growths develop. The applications in Lake Erie were 
to be made as soon as a significant growth was present and the 
water temperature high enough to permit effective treatment. The 
concentrations of the alglcides tested were to be sufficiently 
high to secure effective algae control and the areas treated were 
to be large enough so that water movement along the shore would 
not move the treated water off the plot before the chemical had 
acted. The treated areas were to be observed on a regular basis 
and if new crops of algae developed within the plots, subsequent 
applications of chemicals would be made. In this way the frequency 
of treatment necessary for algae control would be established. 



Hydrothol Application 

The area chosen for the treatment with Hydrothol lay on 
the east side of Grabell Point, over a section of bottom that was 
entirely covered with Gladophora , (Figure 1). The treatment of 
0.93 PPni was applied on June 28th to two plots, (l) an area 1200 
feet by 200 feet having depths ranging from two to four feet with 
a total volume of 18 acre-feet, and (2) a plot 200 feet by 400 feet 
ranging in depth from five to seven feet and having a total volume 
of 12 acre-feet. The weather was clear and calm, and the water 
temperature had risen to 72**F in the shallow plot and to 68**? in 
the deeper area. Dye placed in the water to measure currents 
indicated that there was little or nr water movement. At the 
time of treatment the algal filaments were six to ten inches long. 
Most of the algae was light green in colour, though some bleaching 
was evident towards the tips of the filaments. 

The liquid chemicals were applied from the Commission 
boat, using a centrifugal pump fitted with a dual intake. The 
algicides were metered into the diluting volume on the suction 
side of the pump and the mixture forced out through a distribution 
boom. This boom was fitted with nozzles which trailed on the 
bottom behind the boat and released the algicides directly into the 
Cladophora bed* 

Pish were numerous in the treated areas. Perch, Perca 
flavescena . carp, Cyprinus carpi o . smallmouth bass, Mlcropterus 
dolomieui dolomieui , and alewives, Pomolobus pseudoharengus . were 
the principal species observed and a large number of recently 
hatched fry were sighted. During and following the treatment a 



few fish were noted in the treated section. No mortality of any 
kind was found even among the recently hatched fish. Laboratory 
studies have Indicated that Hydrothol is toxic at concentrations 
less than those used for Cladophora control. It has not however, 
caused any known fish mortality when used for Cladophora treatment. 

The first observation of the treated area was made 
eight days after treatment on July 6th. The boundaries of the 
treated plot were evident from shore as the whole treatment area 
had a white appearance in contrast to the olive-green colour of 
the surrounding area. Close examination revealed that the algae 
filaments were bleached and microscopic examination of the individ- 
ual cells showed them to be disrupted and to have lost most of 
their cell content. Some apparently viable green cells remained 
near the base, close to the point of attachment to the rocks. The 
algae had a slimy feel in contrast to a natural woolly texture, 
which indicated that the material was breaking down in place 
rather than being loosened from the rocks and perhaps going ashore. 
The algae on the plot in deeper water was also affected by the 
Hydrothol but there was still some green in evidence throughout 
the plot. 

The next observation was made on July 13th, seven days 
later, and at this time further deterioration of the algae on the 
two plots was evident. The rock bottom and cobblestones which 
had previously been obscured were now apparent particularly in the 
shallower plot. Some preen basal cells were still evident in the 
area to which chemical had been applied but no evidence of re- 
growth was found. The algae in the area surrounding and unaffected 

2J$ 



by the treatment showed a decline in the vigour in the crop and 
as was previously described, was beginning to loosen from the 
bottom and "rope up". 

The next inspection was made ten days later on July S^+th. 
On this day most of the loose algae from the entire point had been 
blown ashore so th.-^'t both the plots and the surrounding area were 
relatively clean. There was no observable difference between those 
areas which had been treated and the surrounding beds. Subsequent 
inspections were made on August 8th, 23rd and September 10th. 
Some small fringe growths developed on the bottom, late in the 
summer on Grabell Point outside the areas treated. As little or 
no growth took place in the treated areas, it was believed that 
some continuing control had been obtained in the areas treated. 
This observation, however, could not be positively established 
because of the general poor growth over the entire area. 

Aqualln Treatment Plot 

On July 6th, Aqualln was applied to a plot fronting on 
Rathfon Point. The area treated was 200 by 800 feet with depths 
ranging from two to five feet and a volume of 12.9 acre-feet 
(Figure 2). This application was made early in the morning when 
the water was calm and the temperature 68*F. Dye tracer was used 
to measure water movement and this was determined to be westerly 
at 10 feet per minute. The growth of algae covered 90% of the 
bottom and the filaments were approximately six inches long. Some 
bleaching was again apparent in the terminal areas of the filaments 
but the bulk of the algae was light green in colour. The Aqualln 
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waa metered throu/?h the apparatus prevlounly described to provide 
a concentration of 12 ppm. 

At the time the Aqualin was applied, no fish were 
observed in the plot, Durin^r the treatment and immediately after- 
ward, some bullheads, Ictalurus nebulosus , were observed to surface 
and some of these subsequently died. A total of perhaps ^0 were 
killed in all. 

The first observation on the effect of the treatment was 
made on July 13th, seven days later. The area to which the chemical 
had been applied Was immediately apparent from the bleached white 
appearance. Closer examination made by diving within the plots 
showed the algae to be completely white and there were no remaining 
green cells in the basal portions of the filaments. The line of 
demarcation at the east end of the plot was sharp while on the 
westerly edge and beyond the outside edge there was an extended 
kill. This was the result of water currents and diffusion carry- 
ing a toxic concentration of the chemical considerably beyond the 
boundary of treatment in a 'downstream' direction. Outside the 
plot to the west and offshore the algae was at first totally 
killed, then there was less and less effect with the basal portions 
of the filaments becoming greener until the green colour extended 
to the terminal cells. In all, an area perhaps half again as 
large as the original plot was seriously affected. 

The next observation was made on July 24th ten days 
later. In the interval the storm which had removed the algae crop 
from Grabell Point had the same effect on Rathfon Point and the 
algae from both the treated and untreated areas alike had been 
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removed and was piled in the cove at the easterly end of the point 
(see Figure 2). Subsequent Investigations on July 30th, August 8th 
and 23rd and September 10th showed that only a minor regrowth had 
occurred. Again there was evidence of control of regrowth within 
the treated area but this could not be positively established. 

LAKE ONTARIO 
Observations of Cladophora Growth 

Less detailed observations were made of the conditions 
of Cladophora growths in Lake Ontario in 1962 than in the three 
previous years, because of the decision to undertake most of the 
experimental work in Lake Erie. The growth was known to have been 
established by May 29th since samples of algae for laboratory 
tests were collected from Lake Ontario at Oakville at that time. 
On this date filaments three or four inches in length were found 
in the areas near shore. 

On July 11th detailed observations were made by scuba 
diving in the area off Park Street and near the point east of the 
ninth line (Figure V). The observations at Park Street were made 
by beginning close to shore and swimming outwards, following the 
bottom, until the algae ceased to grow. The growth from to 12 
feet was generally heavy, covering almost 100^ of the bottom with 
filaments eight to twelve inches in length. Algae covered the 
bottom evenly and was attached, though not strongly as the bulk 
of the material could be gathered readily by hand. After 12 feet, 
the growth was less dense, the length of filaments was shorter and 
open areas were present. There was, however, still a considerable 
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crop of algae on the bottom. At 23 feet, the algae disappeared 
rather abruptly. Large boulders extending above the 23-foot level 
had growths of algae on the upper surface but the bottom, while 
still clean bedrock and boulders, supported no algae. 

A similar survey was made at the rock shoal east of the 
Ninth Line (Figure VI). Prom to 12 feet the bottom was covered 
almost 100 per cent by a luxuriant rich green growth. In the 
shallower areas some of the algae was balled-up and twisted into 
rope-like masses extending to the surface from a depth of about 
four feet. The remainder of the area was uniformly covered to a 
depth of eight to twelve inches but again the filaments were not 
strongly attached to the bottom. No observations were made at 
depths greater than twelve feet. 

Generally observations on Cladophora beds and shoreline 
accumulations were noted on the weekly sampling surveys that the 
Commission carried out between Port Credit and Hamilton. Many 
shoreline acciimulations were noted and odour resulting from the 
decomposition of this material was common. 

In connection with the evaluation of the efficacy of 
algicides applied in the Oakville area, a number of observations 
were made of the general algae conditions in the vicinity of the 
treatment plots. While turbid water and very low water temperatures 
hampered these observations, lush Cladophora beds are known to have 
remained established until early October at least. 

Algicide Trials 

Sufficient chemicals were purchased to permit two treat- 



B«nt8 of the areas In lake Kriet should this have been necessary . 
By the niddle of August it was apparent that no aXgae was growing 
in the general areas «riiere the treataent had previously been 
applied and for this reason chemical was available for testing in 
Lake Ontario. ■ . 

Aqualin Treatnent Plot 

On August 21st an application of 7 ppn of Aqualin was 
■ade to a plot 1250 by 210 feet opposite Park Street (Figure V). 
The depth varied froa four to seven feet and the total voltune was 
33 aere-feet. The day that the Aqualin was applied tms calo, the 
water teaperature 59* And there was a slow eastsrly movement of the 
water at three to five feet per ainute. The algae growth was ei^t 
to twelve inches long, dark green in colour and covered 959^ of the 
bottoa. The eheaieal was applied using the apparatus previously 
described so that it %fas applied directly into the Cladophora 
growth. 

Before treataentt a number of carp, Cyprlnus carpi o . 
were observed in ths area. During the treatment a number of bull- 
heads, lotalurus nebulosus . were killed. It is likely that a 
nuaber of other fish were also affected, as herring gulls were 
attracted to the area and were observed to be feeding during the 
final stages of the treataent. 

Observations of the treated areas were attempted on 
August 3l8t, Septeaber 6th, 10th and 26th. On August 3l8t the 
water was very turbid but saaples scraped from the bottom within 
the plot showed soae evidence of deterioration. This was taking 
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place in situ as much of the material brought up had a brovm 
appearance and a slimy feel. On September 6th, the water was 
still turbid but diving indicated that some change had taken 
place though the kill was by no means complete and patches of 
healthy algae remained within the treated area. A further attempt 
to evaluate the effectiveness of this treatment was made on 
September 10th but the water was again turbid and as the water 
temperature was 48*? on this occasion, only limited observations 
could be made by diving. 

On September 26th, thirty-six days after treatment, 
the water was very clear and good observations could be made from 
the surface. At that time, the tracks of the hoses which carried 
the chemicals into the water and produced a local kill could still 
be seen, but healthy growths occurred between these tracks. It 
was estimated ^fter comparing the treated area with the growths 
in the surrounding beds that fifty per cent control had been 
achieved at that time, 

Hydrothol Treatment Plot 

On August 24th, Hydrothol was applied to a plot 300 by 
470 feet at a concentration of 1.1 ppm on the shoal east of the 
Ninth Line. The water depth in this area was four to six feet and 
the total volume treated was 16.2 acre-feet. The water temperature 
at the time of treatment was 68"? and a current of seven feet per 
minute was measured, moving parallel to shore in a north-easterly 
direction. There was some swell remaining from a blov/ on the 
previous day and while the water was turbid it was estimated by 
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diving that 75^ of the bottom was covered with a growth seven to 
twelve Inches long and lush green in colour. 

No fish mortality resulted from this chemical treatment. 

The first observations made under the adverse conditions 
previously described in the section dealing with Aaualin, indicated 
that a good kill of the algae had been achieved. Samples taken 
from the bottom and limited observations made by diving, showed 
that all samples had a slimy texture and were bleached or brown 
in colour. Rocks awash at the surface in the treated area that 
normally were ringed by a heavy growth of Cladophora were complete- 
ly cleared and there was evidence that the effect extended towards 
the north-east in the direction that the current was moving the 
day the chemical was applied. On September 26th, thirty-three 
days after treatment when the water was clear enough to permit 
good observations from the surface, virtually no algae remained 
in the treated area or in a further 600 feet to the north-east. 
The algae growing away from the treated area retained the character- 
istic green colour. It was estimated that the algae kill from this 
treatment was 959^ effective. 

CONCLUSIONS PROM CHEMICAL STUDIES 

Hydrothol gave good to excellent control at concentrat- 
ions of 0.93 and 1.1 ppm in both Lake Erie and Lake Ontario. The 
excellent results in Lake Ontario occurred in a water temperature 
of 68*? and at a time when there was some turbidity and a water 
current of seven feet per minute. Previous Hydrothol treatments 
in 1961 also provided some control of Cladophora at lower con- 



centrations and when the water was as cold as 60"?. 

Aqualin gave good control in Lake Erie at 12 ppm in 
72"P water but unsatisfacotry control in Lake Ontario at 7 ppm 
when applied to water 59*?, 

The followiriiP- coFt estimated has been made for treating 
one acre of water averagin/r four feet in depth. 

Hydrothol - concentration 1 ppm = $ 65,00 
Aqualin - concentration 10 ppm = S 70.00 
The cost of applying the chemical is not included in these figures. 

These are concentrations which are known to have provided 
good control under favourable treatment conditions. It is probable 
that good control could be achieved at a lower rate by choosing a 
time when water temperatures and water movement are favourable and 
when extensive applications could be made at one time. 

While the cost figures quoted are comparable, Hydrothol 
has certain inherent advantages in that it is less toxic to fish, 
is easier to handle and can be applied in a liquid or granular 
formulation from aircraft. 

The laboratory studies have indicated NIA 5^25, copper 
sulphate, Paraquat and Diquat to exhibit algicidal properties 
against Cladophora . The experimental chemical NIA 562$ only became 
available late in the season and sufficient quantity was not 
available for field testing. Laboratory results have shown it to 
be at least as effective as any other product tested to date. 
Further studies will be taken to determine its effectiveness and 
cost for Cladophora control. 

Copper sulphate has been thoroughly tested in the lake. 
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Concentrations up to 10 ppm have not shown any lasting effect and 
for this reason it cannot be considered as a suitable algicide for 
the control of Cladophora . Paraquat and Diquat have demonstrated 
a toxicity to Cladophora at 5 PPni in the laboratory study. The 
cost of treatment with either of these cheinicals at this concentra- 
tion would not be competitive with that of Hydrothol or Aqualin. 

TESTING OP DEODORANTS 

Two bactericidal products were tested during the slimmer 
of 1962 to determine their effectiveness in reducing septic odours 
caused by the decomposition of shoreline accumulations of Cladophora . 
These products, Hyamine 2389 and Ozene, were applied on July 30th. 

Hyamine 2389 

Hyamine 2389 is a quaternary ammonia compound which la 
used as a disinfectant, an algicide and a deodorant in sewage plants 
and garbage dumps, A strip of decomposing algae approximately 3OO 
feet long and varying in width from 50 "to 100 feet wide was treated 
with five U.S. gallons of this product. The total area treated 
was estimated to be one half acre and the depth of algae on the 
plot varied up to three feet, with an average depth of one foot. 
A similar adjacent accumulation occurred nearby, which extended 
out to open water. This was left untreated to provide a control 
area. 

The odour during the period of treatment was extremely 
foul, characterized by a pungent sulphide smell. 

The five gallons of Hyamine 2389 applied by adding one 



pint of the bactericide to each i^5 gallons of water and spraying 
this i;inder pressure, using a gasoline-operated portable piomp. The 
pump was placed in a light aluminum skiff which was dragged over 
the surface of the rotting algae to permit treatment of the entire 
area. 

The plot was revisited on the day following treatment and 
there was a definite decrease in odour on the area treated. It 
was necessary to bend down close to the surface of the plot to 
detect a distinctly offensive algal odour. The odour from the 
untreated control area adjacent to the plot, was very strong, jusi 
as it had been the day before. An inspection of the plot on the 
ninth day following treatment revealed that little smell could be 
noticed either from the treated or untreated areas since the wind 
was blowing out to the lake. Occasionally an unpleasant whiff of 
decomposing algae would be noticed and it was doubtful whether the 
treatment was providing any beneficial effect at this time. The 
cottages facing the plot were unoccupied so that it was not pos- 
sible to obtain any comments concerning the effectiveness of the 
treatment during the week following the application of Hyamine. 

Ozene 

Ozene, a water emulsifiable formulation of Orthodich- 
lorobenzene, was applied to a small accumulation of algae that 
was estimated to occupy an area of 25OO square feet. The average 
depth of the decomposing algae was six inches. One gallon of 
Ozene was applied by mixing each of four quarts with 45 gallons 
of water and spraying this under pressure, as with the Hyamine. 
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The accumulation was distinctly odorous before the Ozene was 
applied but the smell became masked by the antiseptic smell of the 
Ozene as the treatment progressed. 

On the day following the treatment the antiseptic smell 
was still Very noticeable and there was a definite reduction of 
the offensive algal odour. Eig-ht days later there was no apparent 
benefit. Reports from cottagers in the immediate vicinity indic- 
ated that a strong creosote odour persisted for two days following 
the application. It was concluded that the smell of the Ozene 
in supplanting the odour of the decomposing algae did not provide 
a satisfactory solution to the problem. 

MECHANICAL BEACH CLEANING 

Several municipalities fronting on Lake Erie have at- 
tempted to gather and dispose of accumulations of algae as they 
are washed ashore. A variety of methods have been employed 
which have included at least the following procedures; hand 
raking, bulldozing into piles and burying, raking or scraping 
into windrows for subsequent loading onto trucks manually or by 
front-end loader, or scraping and gathering with a front-end loader 
for piling above the water line or for subsequent disposal by 
truck. Attempts have also been made by individuals to wash down 
the rocks with high pressure hoses and to dislodge accumulations 
of decomposing algae using the wash of an outboard motor. 

Many areas where algae accumulates are sufficiently 
rough, by virtue of shelving rock or boulders strewn on the beach, 
that it is difficult or even impossible to employ conventional 
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TABLE IV - S4JNMMV OF INFORMATION FROM BtMOi CLEANING QUEST lOIMAIRE 



•EOUIPHENT USED 
I AM) COST 
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; REMOVAL 1 962 



NO, OF 
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WORKED 



ESTIMATED NO. 

OF CUBIC 
YARDS REMOVED 



METHOD 
OF DISPOSAL 



HAND LABOUR 
COST 



TOTAL COST 

OF 
OPERATION 



Rock Point • August 3, 4 



32 






15 



Trucked away ; ^ ton truck 
! * 25.00 



i 45.00 



$ 70.00 



Cedar Bay 
Walnut Park 



JULY 12,13,24, 

26|30|3r 
Aug. 1,2,4,6, 

8,9,10,1! 

18,22,23, 

31 
Sept. I 



76i 



100 



Piled on shore. 



Tractor and 
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loader 

I 278,00 
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Point 
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10 









~|— 
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j 



Tractor 
with 

RAKE 



Morgans Point; August 9 



PICKED UP ON 
SHORE 



I > 99.50 



» 9.70 



$287.70 



t 20.00 



(119.50 



CRYSTAL Beach; 



June 29 

July 6,l3,l6,l9i 

23.25,29 
Aug. 3,o 



rs 



t85 



I I 

I I 

j Trucked away j 

■ AND SOME PILED! 

• ON SHORE J 

i . i 



! I 



Tractor with j 

RAKE AND ; 

BULLDOZER AND • 

TRUCK J 

I 

$316.95 ! 



1259.50 



♦576.45 



equipment. Also, after the algae has started to decompose, it 
loses its woolly structure and becomes sludge-like and in this 
condition is impossible to rake, gather or load. 

It was felt that improvements could be made to the 
conventional types of collecting devices and for this reason a 
survey was made to obtain jnfonnation from the beach associations 
and municipalities which had attempted collection and disposal of 
shoreline accumulations during the summer of I962. To obtain this 
information a questionnaire was sent out and four replies were 
received. Table IV provides a summary of the information obtained. 

Rock Point 

Rock Point, located in Sherbrook Township, is a public 
provincial park operated by the Department of Lands and Forests. 
As heavy accumulations do not normally occur and since manpower is 
available, collections are normally made by hand. The procedure 
employed is to gather the material along the waters edge with 
manure forks, pile it onshore and allow it to drain before trucking 
it away. In 1962, collections were necessary on two days and 32 
hours of hand labour was required to remove 15 cubic yards. The 
total cost of this operation was estimated to be $70. 

Figures for I96I were included, which indicated that the 
condition had been considerably worse in I96I, In that year, 
shore collections were required on five occasions and a total of 
33 cubic yards of algae were removed after 73 man-hours of labour. 

Cedar Bay (Walnut Park Section) 

Cladophora accumulations along the shore have been a 



continuing problem to the summer residents of Walnut Park for a 
number of years. During the past two or three years an active 
beach association has contracted for the removal of boulders near 
the waters edge by bulldozing, in order that algae drifting ashore 
can be collected mechanically. 

While a variety of farm equipment has been employed, most 
of the collections have been made using a front-end loader on a 
farm tractor, modified to improve the operation of collecting and 
lifting the algae. In 1962, all or part of nineteen days were 
used in gathering the algae that had drifted ashore and depositing 
it in piles on the beach above the high-wat«r line. This procedure 
was found to be quite successful though pockets of the algae were 
difficult to remove in some areas of shelving rock. A total of 
77 hours was used in gathering and piling an estimated 100 cu . 
yards of Cladophora . The total cost of the algae control programme 
in 1962 was $287.70. 

Grabell Point and Morgans Point 

On August 8th and 9th a deisel farm tractor was employed 
in a cleaning operation sponsored by Wainfleet Township. The 
algae had been ashore since the latter part of July and much of 
it was in an advanced stage of decomposition. Some of the material 
could be removed but a considerable quantity had to be pushed back 
in the lake. This was reported to be effective in controlling the 
nuisance along this portion of the shoreline as the material dis- 
appeared shortly and did not wash up on the shore again. A total 
of 16 hours was required for these operations and the cost was 
$119.50. 



Crystal Beach 

Cladophora was washed ashore and removed on ten occasions 
from shoreline owned by the Village of Crystal Beach. This 
operation necessitated 282 hours of labour and an estimated 185 cu. 
yards of material were handled. The total cost of this operation 
was $576. i+5. 

This area at Crystal Beach probably receives consistently 
the greatest accumulations of al^ae in Lake Erie, The portion of 
"beach most affected is used extensively for bathing and an effort 
is made by the municipality to keep it as clean as possible. In 
spite of these efforts, the methods used remove only the gross 
accumulations of algae and leave pockets around the shelving rock 
and mixed in the sand. 

It may be concluded from the observations made and the 
infonnation received from the municipalities using mechanical 
collection methods, that this procedure is effective in removing 
gross accumulations. Hand labour is the only method presently 
available which will completely clean the beach. Mechanical 
cleaning is effective only when the algae is first brought ashore 
and before decomposition takes place. Its efficiency can be 
improved if obstructions, such as boulders, are removed from the 
beach. This method is relatively inexpensive in comparison with 
chemical treatment of algae on the beds in the lake and while it 
is not entirely satisfactory, a tolerable condition can be 
achieved. 

There is considerable room for improvement in techninues 
of collecting and disposing of the algae which would make this 
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procedure more efficient and probably less expensive. It is 
recommended that further studies be planned in this regard. 

SUMMARY 

Detailed surveyf? of growth areas were made at Rathfon 
Point and Grabell Point in Lake Erie. Algae was found to grow to 
a depth of about 13 ft. In depths greater than 7 feet the quantity 
of algae was considerably less. At depths greater than 9 feet wave 
action did not dislodge the crop. The total area of growth having 
a depth of 7 feet or less was 8^ acres at Grabell Point and 20 
acres at Rathfon Point. These were typical of many rocky points 
which support growths that eventually cause malodorous conditions 
and many larger and smaller areas are to be found in the easterly 
end of Lake Erie. One cursory survey made on July 23rd indicated 
that nuisance conditions occurred at 18 places, affecting 8 of the 
60 miles of shoreline surveyed. 

Observations in Lake Ontario indicated that algae grows 
in quantity to a depth of 23 ft. Estimates of the total growth 
areas have been made in previous reports (Cladophora Report, OWRC 
1961). 

Cladophora developed an unhealthy appearance early in 
July in all of the area of Lake Erie under observation with the 
exception of Crystal Beach. This was manifested by a weakening 
of the filaments and a bleaching of colour. Shortly after this 
time accumulations began to come ashore and while some growth 
continued, no pronounced crop developed during the remainder of 
the season. The algae in Lake Ontario was dark green in colour 



and continued its growth throughout the summer. 

A laboratory method of testing the effectiveness of 
various algicides against Cladophora was devised, A total of 
70 tests were made usnn^ a number of chemicals at different 
temperatures, exposure times and concentrations. These laboratory- 
studies showed Hydrothol (Penco ky or TD k?) , Aqualin and MIA 3625 
to be the most effective chemicals. 

Field studies indicated that Hydrothol was effective in 
killing Cladophora in tests made in Lake Erie and Lake Ontario. 
Aqualin worked well in Lake Erie but was not satisfactory in Lake 
Ontario. Both chemicals cost about $65. per acre of lake bottom 
treated at the concentration used. Some reduction in this cost 
may be possible when large applications can be made under favour- 
able environmental conditions. 

Hydrothol has certain advantages over Aqualin in that it 
is easier to handle and may be applied by aircraft. While both 
chemicals are toxic to fish, field tests have shown Hydrothol to 
be less hazardous in this regard. Sufficient quantities of NIA 
5625 were not available for field testing In I962. It is toxic 
to fish in about the same range as the Hydrothol. Laboratory 
studies indicate that it may be effective in controlling algae at 
the same or lower concentrations than Hydrothol. 

Two chemicals were applied to control odours associated 
with decomposing accumulations of algae. Hyamine 2389 provided 
some temporary relief. Ozena gave some immediate odour supreppion 
but the residents objected to the antiseptic smell of the compound. 



A questionnaire was circulated to parks, municipalities 
and beach associations that collected algae accumulations mechanic- 
ally for disposal and four replies were received. The total quantity 
estimated to be removed in three of the four reported beach areas 
was 400 cubic yards. Th total number of hours work involving 
power equipment was 212 and 229 hours were spent in removal by 
hand labour. Th total cost of these four operations was $1,053»65. 
It was generally concluded that this method of alleviating the 
nuissuice of accumulated algae at the shoreline was effective where 
local conditions permitted the use of mechanical equipment, but 
that better methods could probably be devised, 

RECOMMENDATIONS 

1. Field tests of the algicide NIA 5625 should be carried out 
for Cladophora control, to determine its effectiveness and 
cost. 

2. Laboratory screening of likely chemicals should be continued 
and field tests carried out on any which appear to hold 
promise, 

3. A study should be undertaken to develop equipment suitable for 
the removal of algae accumulations that are washed ashore. It 
is proposed that this be carried out by mechanical consultants 
such as a university engineering group working under the 
direction of the OWRC, Sufficient funds would be required to 
permit field trials of eauipment, modified or constructed to 
the specification of the consultant. 



4. Where Cladophora control is undertaken by commercial applicators 
for municipalities, the Commission sJ-ould provide technical 
assistance and an appraisal of the effectiveness of the treat- 
ment for that municipality. 

5. The Commission should continue its studies into factors promot- 
ing the growth of nuisance quantities of Cladophora. 
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DISTRIBUTION, ENVIRONMENTAL REQUIREMENTS AND SIGNIFICANCE OF 
CLADOPHORA m THE GREAT LAKES 

John H. Neil and Glenn E. Owen 
, Biology Branch, Ontario Water Resources Commission, Toronto, Ontario 

a Abstract. Excessive growths of Cladophora sp. along certain sections of the Great 

y Lakes shoreline create serious nuisance conditions which affect the use of water for 

. recreational, industrial and nnunicipal purposes. Information on the ecology of this algae 

1^ was collected as part of a study directed towards the development of control measures. 

•7 The presence of CUuiophvra sp. is dependent on a suitable substrate for attachment, 

water movement, adequate light, and nutrients in excess of those normally available in 
I the waters of the upper Great Laltes. Lakes Ontario and Erie have sufficient inherent 

^ fertilit>' to support marginal growths, but where local nutrient sources are available, 

"^ production increases. Phosphorus applied to a location providing suitable physical con- 

M) dltlons but devoid of Clatlophora sp. resulted in the establishment of a sizeable area of 

growth. The results of attempts at control are also discussed. 
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INTRODUCTION 

Branched filamentous green algae of the genus Cladophora are distrib- 
uted throughout the world in both fresh and salt water. In fresh water, species 
may be found in ponds and streams and in twth the littoral and profunda! re- 
gions of some lakes. The taxonomy of the genus is difficult because of a con- 
siderable dep-ee of morphological variation within a species, ^parently a re- 
sults of varying environmental conditions (Prescott 1951). The species which 
is predominant in the littoral regions of the Great Lakes, and referred to in 
this paper, is believed to be Cladophora pacta (Dillw.). 

Growth of the thallus takes place from a perennial rhizoidal holdfast. 
The algae first appears in the early part of May as a fringe at the waterline. 
During May and June a rapid growth and spread of the algae occurs and by 
early July all the suitable habitat is covered with filaments up to 15 in. in 
length. At this time the filaments are less firmly attached to the bottom and 
are readily broken by wave action. If strong onshore winds occur when the 
algae is in this condition, large quantities will be deposited on the shore. The 
initial period of growth appears to he the most favourable one. After the re- 
moval of the first crop, further growth generally takes place, but the quantity 
produced is usually less. Observations have indicated that variations in the 
pattern of growth and total production occur from year to year wltliln the 
same lake. These observations have uf iieci'SHlly been niustly subjective, an 
no suitable quantitative measurement of production has been devised. 

Since at least the early nineteen-thirties, health agencies have received 
complaints of decomposing, malodorous accumulations along the shoreline in 
parts of Lake Ontario and Lake Erie (Fig. 1). The black masses of material, 
emitting an offensive odour, were often mistaken for sewage sludge and many 
of the early complaints came from persons concerned with the safety of the 
water for swimming purposes. While there is no health hazard associated 
with these accumulations, the odours and unsightly conditions seriously affect 
the aesthetic and recreational value of extended areas of shoreline. Tastes 
and odours resulting from the decomposition of algae often affect the quality 
of municipal water supplies, and the frequent clogging of Intake screens by 
drifting algae reduced the capacity of both municipal and Industrial water 
supply facilities. 

Municipalities, beach associations and individuals have expressed genuine 
concern because the underlying reasons for the prolific growths were poorly 
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Fig. 1. Accumulations of Clmiophora in Lako Ontario, a) Humber Bay, 1933, b) Oakville 
area, 1959. 

understood and no practical method was available to alleviate the problem. It 
was also felt that the size and extent of accumulations were increasing each 
year. In 1959, the Ontario Water Resources Commission undertook an investi- 
gation of this problem, and it has continued as a summer project since that 
time. The study was conducted to determine the reasons for the excessive 
growths of Cladopkora and to develop a practical means of control. 



DISTUIBLTION OF CLADOPHORA 

Several methods can be used to determine the distribution of the areas 
of growth in the Great Lakes, but each of these has certain disadvantages. 
Direct observations of the extent of growths can l>e made by boat, but these 
are usually limited by turbidity to areas which are less than 6 ft in depth. 
Aerial surveys can be made and photographs taken, tiut absolutely calm water 
and cleEir weather are necessary. Some success has been demonstrated using 
this technique in the clearer waters of eastern Lake Ontario, but it has yet to 
be proven elsewhere. Scuba diving has been used recently for detailed sur- 
veys, and while this approach permits accurate observations independent of 
water turbidity, its use is necessarily limited in surveys over extended areas. 
Indirect estimation of location and extent of areas of growth can be made by 
recording accumulations along the shore, and while this is less accurate than 
direct observation of the algae in situ, it is the most practical on a lake-wide 
basis. 

All of the afore -mentioned techniques have been used to determine the 
present distribution of Clmlofihora in Canadian waters. To obtain similar in- 
formation on Chi<h>(>hof<i in American waters, a questionnaire was sent to the 
states of New York. Michigan and Ohio requesting information on tlie known 
areas of growth in the waters fronting these states. This information is sum- 
marized in Fig. 2. No ci>mprehensive surveys appear to have been made in 
American waters, so that the distribution shown on the map indicates only the 
areas where growths or nuisances have been reported to occur and is not 
I'onsidercd to represent tlie total distribution. No information is available for 
th.ii p<.>rtum of Lako Muiugai* fronting tlio .states of Illinois and Wisconsin. 
although some problems have bt^en reported to e.xisi there. 



CLADOPHORA IN THE GREAT LAKES 
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Fig. 2. Distribution of Clatiophora in the Great LaJtes, 1963. 



A bottom of bedrock and cobblestones (Ordiviclan limestone) provides a 
suitable habitat for Cladophora along most of the shoreline in the Toronto- 
Hamiiton region of Lake Ontario. During the summer, algae accumulates in 
varying quantities in almost every place where shoreline improvements do not 
preclude Its deposition. While less is known of conditions east of Toronto, a 
survey of the algal accumulations from Toronto to Presqu'ile Point was made 
by boat on August 21 and 22, 1963. Accumulations were plotted along a total of 
29 mUes within this 95 miles of shoreline. Most of these were light, but con- 
siderable quantities were noted at Pickering Beach, Whitby. Port Hope and 
Presqu'ile Point. 

During July, the areas of Cladophora along the south shore of Prince 
Edward County and around some of the offshore islands were photographed in 
an aerial survey conducted by personnel of the Department of Lands and 
Forests. Growths were found to be associated with points of land and were 
heaviest along the southwest exposures. Observations were subsequently made 
by diving to confirm the presence of Cladophora. From Prince Edward County 
east to Prescott on the St. Lawrence River, the growths were not extensive 
but were prevalent along most of the shore at the waterline. The north shore 
of Lake Erie, west from the Niagara River to beyond the mouth of the Grand 
River, is a series of rocky points and sandy bays. Observations made l>y div- 
ing and from the surface indicate that all the rocky substrate of suitable deplh 
supports Cladophora. On July 17. 1963. a survey of the quantities and locatlonH 
of accumulations was made in this area. Deposits up to 50 ft wide and 2 ft 
ilt'fp were noted along a total of 25 mUes of this 50 miles of shoreline. In 
L;iki' Huron, areas of growth covering 1/2 mile or more of shoreline have been 
observed at Goderlch and Port Elgin. Only one area of growth, surrounding an 
isolated group of islands, has been observed in Georgian Bay. 
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ENVmONMtNTAl. liEQV'lHKMENTS 

Very little has been published on the environmental factors that govern 
the distribution and abundance of the species of Cladophora inhabiting the lit- 
toral regions of the Great Lakes. Attempts to grow this species in the labora- 
tory have t)een unsuccessful, and no laboratory culture e;g>erinients have been 
conducted. The following comments on the physical and chemical requirements 
and biological relationships have been suggested from field observations made 
during the course of this study. 

Physical Requirements 

Water Movement. The importance of water movement has been sug- 
gested by several observations. Cladopliova is most prolific and is established 
first in niches where a maximum movement of water would be expected. 
Growth often occurs at the waterline along piers and seawalls in areas which 
generally do not support a growth on the bottom. It has also been noted that 
the algae is restricted to fissures and cracks in the bedrock which might be 
ejqjected to funnel water and provide local turbulence. This is particularly 
evident in areas considered to be marginal for growth with respect to the fer- 
tility of the water. On the other hand, in areas where growths are generally 
established any enclosure which interferes with the normal movement of water 
is not peculated with Cladophora. 

Water movement may be the result of both wave action and wind or wave 
induced currents. Littoral currents, moving parallel to the shore, have been 
measured at velocities of up to 30 ft per minute and are undoubtedly greater 
than this at some times. The currents are probably more significant than wave 
action in governing algal production since they are more continuous and will be 
effective at greater depths. 

The requirement for moving water is believed to be related to the nutri- 
tion of the plant, Amberg and Cormack (1960) studied the relationship between 
the concentration of nutrients and the rate of flow with respect to production 
of the slime bacterium Sphaerotilus natans. Their results show that the amount 
of nutrients required for a given quantity of growth varies inversely as the 
flow. It may be postulated that, in a similar way, the production of Cladophora 
will be greater under particularly favourable conditions of flow, even though the 
fertility of the water may be relatively low. 

Substrate. Cladophora requires a firm, stable substrate for attachment. 
Growth occurs most abundantly on coarse gravel, boulders and bedrock along 
exposed shorelines where constant wave action prevents the accumulation of 
sediments. However, significant quantities have also been observed growing on 
wood, iron, fiberglass, concrete and painted surfaces. 

Water Tciiipcrattire. Cladapliora has been found to grow within a wide 
range of temperatures. In the Toronto- Ham ill on area of Lake Ontario, water 
temperatures during the summer seldom exceed 70°F and may fluctuate as 
much as 20*^ wiliiin a few hours wlien wind conditions cause an upwelling of 
prufunrtal waters. In Lake Erie, however, water temperatures generally in- 
crease steadily from spring into summer and wide fluctuations do not normal- 
ly occur. The most rapid growth of Cladophora takes place during the month 
of June before the water temperature reaches lOPV. After this time, the algae 
often lirromes chlorotir in the distal portions of the filaments and growth in 
t<ome iiri-:i,<« nuiy lx> ternunafed. It is iiol known whether tins condition is a 
direct I'l'sult oi water temperature or wliether the availability of essential nu- 
trients also becomes limiting at this time. 
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Light. From observations, it would appear that there is generally a well- 
defined depth beyond which the intensity of illumination is insufficient to sup- 
port growth. In Lake Erie, significant growths do not occur below 13 ft and the 
production is decreased considerably below 8 ft. In the Toronto -Hamilton region 
of Lake Ontario, where the waters are less turbid, C}adot>hara grows to a depth 
of 25 ft and is considerably reduced in depths greater than 12 ft. In the rela- 
tively clear waters along the south shore of Prince Edward County, Cladophora 
was found growing to depths of 45 ft. It may be concluded therefore that, where 
there is a shallow profile, the ability of light to penetrate water can he of con- 
siderable importance in determining the area suitable for growth and hence the 
quantity of algae produced. 

Biological Relationships 

Cladophora occupies an environment in which no competition exists with 
higher aquatic plants, as the wave-washed shoreline prevents the accumulation 
of sediments necessary for their support. However, competition for nutritive 
elements undoubtedly exists between Cladophora and planJctonic algae. Epiphy- 
tes, predominantly diatoms, are often numerous on the filaments. Cells which 
are entirely covered are usually dead. 

No animal forms are known to utilize Cladophora directly for food. Scuds 
[Gavimarus spp.) are found on the growths in large numbers, particularly in 
the latter part of the summer, but whether they are feeding on the epiphytes or 
on the Cladophora has not t»een determined. Fish native to the various waters 
are seen regularly m the beds, and young fish utilize the algae for cover. 

Cfiemical Requirements 

Cladophora is generally restricted to hard waters and Is reported to be 
indicative of high pH (Prescott 1951). The pH of the Great Lakes water gen- 
erally lies within the range suitable for optimum growth of Cladophora and is 
sufficiently constant to exert very little Influence on growth. Similarly, the 
physical environment is relatively static and thus affects production only in 
establishing the potential area suitable for growth. The present distribution of 
Cladophora in the Great Lakes and the total yield within a season in any one 
area appears to be a direct reflection of the levels of the essential nutrients 
present in the water. The accelerated eutrophlcation, particularly of the lower 
lakes, from artificial enrichment supplied by municipal and industrial effluents 
and by leaching from and erosion of agricultural soils has substantially In- 
creased the mean level of fertility. 

In Lake Ontario, numerous sewer outfalls from the urbanized Toronto- 
Hamilton area, together with influent streams draining fertile lands, are be- 
lieved to be the sources of nutrients promoting the excessive growths that are 
continuous along this shoreline. Farther east, along the north shore, isolated 
areas of Cladophora are usually associated with municipal outfalls and tribu- 
tary streams that often occur together. However, along the south shore of 
Prince Edward County, significant quantities of Cladophora are established 
without any apparent local source of added enrichment. In this area, the physi- 
cal aspects of the environment are particularly favourable for growth and it 
would seem that, under these conditions, the basic level of fertility of L;ikc 
Ontario is sufficient to support marginal growths. 

Along the Canadian shores of Lake Erie, Cladophora has been observed 
to grow over most of the suitable rocky bottom. At Crystal Beach a sewer 
outfall provides a local source of enrichment resulting in a considerable 
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increase in the quantity of algae produced. Several other isolated grovrths of 
Cladophora are present in Canadian waters. Two in Lake Huron are associ- 
ated with the presence of sewer outfalls. One area of growth has been ob- j 
served on a remote island in Georgian Bay. This is an island extensively used i 
by gulls for nesting purposes, and apparently sufficient nutrients are carried to 
the water to promote the growth of Cladophora. Lake Huron and Lake Superior 
appear to lack the basic fertility necessary for even marginal growths. 

DETERMINATION OF THE LrMlTING FACTOR 

Where physical conditions are suitable, growth may be limited by the nu- 
trient that is present in the least quantity with respect to the needs of the 
algae. Because of the relatively low concentrations of available nitrogen and 
phosphorus in the lake water under natural conditions, it was believed that the 
excessive growths developing in artificially enriched waters were primarily the 
result of increased concentrations of one or both of these elements. Attempts 
were made to determine which of these was the key factor and to determine 
the concentration below which growth did not take place. 

Previous to 1963 a large number of water samples had Ijeen analyzed for 
nitrogen and phosphorus. Comparisons were attempted using the results of sam- 
ples which were taken from areas supporting growth and from those which did not. 
However, no corrc ation was detected. The failure of this approach was believed 
not to be because differences did not occur, but because it was difficult to accur- 
ately measure small changes in the relatively low concentrations of these elements. 
There is also the probability that these nutrients are taken up in excess during 
the more favourable periods. To detect this condition, a continuous monitoring 
program would be required. 

As the analytical approach had not identified the limiting factor, an altern- 
ative ejqjerlment was carried out during 1963. Essentially, the plan was to feed 
nitrogen and phosphorus separately and combined, as well as an organic fertil- 
izer, to an environment which provided a suitable physical habitat but which was 
entirely devoid of Cladophora. The site selected was at Douglas Point, Lake 
Huron (Lat. 44° 20' N, Long. 81° 36' W). This area provided approximately 5 
miles of e;^osed, irregular shoreline having a bedrock and cobblestone bottom. 
Fig. 3 shows the location of the 4 sites selected. The substance and quantity 
applied at each site are shown in Table 1. The e^qperlment commenced on June 
24 and continued until September 25. To ensure the availability of "seed" ma- ^ 

terial. rocks having a growth of Cladophora were moved to the area and ten of f 

these were placed in approximately 3 ft of water at each site and at a fifth 
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location to provide a control. 
The addition of somewhat great- 
er quantities of chemicals than 
those indicated in Table 1 was 
planned initially, but because of 
difficulties with the feeding ap- 
paratus during the early part of 
the experiment, something less 
than the e^giected quantity was 
actually applied. 

The chemical character- 
istics of the water in the vicin- 
ity of the control area were de- 
termined, and the results are 
presented in Table 2. Observa- 
tions were made regularly to 
watch for any changes that might 
occur within the fertilized areas. 
On July 19 a small growth of 
Cladophora was first observed 
at Site 3. in response to the ap- 
plication of sheep manure. A 
small quantity of effluent from 
an oxidation pond also entered 
the lake at this site. By August 
8, a bed of Cladophora covering 
an area of about 200 sq ft had 
developed at Site 2 where phos- 
phorus alone was being fed. In 
the latter part of August, Clado- 
phora became established at 
Site 4, where a combination of 
phosphorus, nitrogen and potas- 
sium was being fed. Throughout 
the period of the experiment, no 
new growth developed from the 

nitrogen enrichment at Site 1, although the algae on the "seed" rocks persisted. 
There was no spread of growth in the control area and the "seed" rocks were 
devoid of algae by the end of August. The ultimate extent and pattern of 
growth which became established are illustrated In Fig. 4. 

The results of these experiments indicate that phosphorus was the nutri- 
ent responsible for the growth of Cladophora at Douglas Point. Further, it 




Ftg. 3. Sites selected for enrichment experi- 
ments at Douglas Point. 
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Kig. 4. Pattern of Cla<lo(>liora dcveioixmenl in response to artiliclul fertilULitioii at 
Douglas Point. 

would appear that the growth of Cl<ido/>/io ra is limited in other ecologically 
suitable habitats because of insulficient concentrations of phosphorus. The level 
of phosphorus in Lake Ontario and Lake Erie is apparently sufficient to sustain 
growth and any additional phosphorus applied to these lakes will be reflected 
by a more prolific growth of Chido[>lioi'a and an intensification of the problems 
it causes. A much more sophisticated study would be required to determine 
the minimum concentration of phosphorus necessary to sustain growth. However, 
lliosc cxjjcrinients did Indicate that at a feed rate of 2.9 lb per day a bed in 
excess of 10.000 sq ft was established where Cltnlo/tlittin did not previously 
grow and in a season of the year less than optimum for growth. 



CoNIIUtl STI'DIKS 

The apparent molhixis for controlling this problem are 1) by effecting an 
iMJvirnnnifiitiil control llirough a reduction of the basic nutrients in sewage ef- 
fluents, or through a nuxtificalion of the physical environment. 2) by controlling 
growth through the use of algicides, or 3) by mechanically removing the algae 
from the areas of growth or from the areas where it accumulates. 

1. Tlie control of CliidDplioni through the limitation of nutrients is tech- 
nically a difficult problem since the conventional methods of treatment are not 
designed to remove the iKisic nutrients. Considerable research on a world- 
wide Iwsis is presently bi>lng undertaken to develop a practical means for the 
removal of fertilizing elements from sewage effluents. It is felt that the elim- 
ination of phosphorus from this source would limit the grovth oi Cladophora in 
most areas. 
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2. Studies have been made both in the laboratory and on an ejqjerimental 
scale in the lake to determine the algicide most suitable for controlling Clado- 
phora. A procedure for the screening of potentially useful algicidal substances 
was developed, and to date 21 of these have been evaluated. The best results 
have been achieved using the chemical Hydrothol at a concentration of 1 ppm 
active. However, the cost of this material would appear to limit its usefulness 
over extensive areas of shoreline. Variations in the effectiveness of this and 
other chemicals due to variations in temperature, water movement, and other 
factors have been noted. 

3. A study has been made of the possible equipment which might be use- 
ful in disposing of algae which has accumulated on shore. The rugged nature 
of the shoreline in many areas precludes the use of most conventional equip- 
ment. Hydraulic procedures were the most effective in preliminary tests and 
further developmental studies are planned. 

SUMMARY 

Cladophora in some specific areas of the Great Lakes constitutes a seri- 
ous nuisance problem. There is evidence that the areas of growth are becom- 
ing more extensive and that the production on existing beds is increasing. Evi- 
dence has been presented in this paper that nuisance conditions are related to 
eutrophlcation and that phosphorus is prolably the key clement involved. Eu- 
trophication of Great Lakes waters is reported to be taking place, and should 
it continue it may be expected that the problems created by Cladophoyn will 
become more widely distributed and more serious m Ixith Canadian and Amer- 
ican waters. 

The work of the Commission in embarking on these studies has of neces- 
sity been very broad, as virtually no previous studies have been made. It is 
intended that research in this field will continue. In the immediate future an 
attempt will be made to devise a means of measuring the production of Clado- 
phora quantitatively to obtain further information on the effect of fertility 
levels, light, temperature, season and other environmental factors, and also to 
permit the measurement of annual variations, differences between specific lo- 
cations, and changes over an extended period of time. 

Looking towards a short-term solution to the problem, laboratory screening 
of an extensive group of chemicals is planned, and preliminary field tests will be 
made on any that appear promising. Further extensive testing is contemplated for 
two chemicals that have been found to be effective in preliminary lake trials. A 
survey will be undertaken to determine the relative amounts of fertilizing elements, 
particularly phosphorus, that are contributed by municipalities, industries and land 
drainage, to the Canadian waters of the Great Lakes. 
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STATUS REPORT ON CLADQPHORA 

INTRODUCTION % 

Branched filamentous green algae of the genus 
Cladophora have increased notably in Lake Ontario and Lake Erie, 
a condition which is considered to reflect the accelerated 
enrichment of these two lakes. After a period of rapid development 
in early summer, the algae characteristically becomes detached from 
the rocky areas where it grows and is carried ashore during 
periods of stormy weather, often near the end of July. The algae 
decomposes in shallow water under the hot sun, producing a black, 
aesthetically undesirable accumulation that produces a foul 
"pigpen" odour. This odour is particularly objectionable when the 
wind is onshore. Besides reducing property values and interfering 
with the recreational utilization of beach areas, Clado hora has 
clogged water intakes and has seriously affected commercial 
fishing operations by accumulating on gill nets, almost totally 
reducing their effectiveness. 

NATURE OF INVESTIGATIVE WORK 

As a result of numerous complaints of widespread nuisances 
caused by shore accumulations of Cladophora during the summers of 
1957 and 1958, the Ontario Water Resources Commission sponsored a 



conference in November of 1958 to discuss the apparent causes 
and effects of the excessive growths in Lake Ontario and Lake 
Erie and to decide what action should be taken. Since that time, 
investigations have been carried out each summer to obtain 
fundamental information on the life history of the alga, the 
magnitude and distribution of growths in the Great Lakes, and the 
physical, chemical and biological environmental factors affecting 
growth. From an understanding of these environmental factors, it 
was hoped that one or more critical factors could be altered in 
such a way as to bring about less favourable growth conditions 
and thus effect, indirectly, some degree of permanent control. 
At the same time, it was recognized that an understanding of the 
complex interactions of various factors combining to cause 
excessive growth would require a long-terra study and because of 
the difficulty in effecting changes in large bodies of water, 
permanent control measures would require a number of years to 
implement. Consequently, a major part of the study was devoted 
to an evaluation of chemical means for controlling growths more 
as an immediate rather than permanent solution in relieving 
nuisance problems. All available algicidal chemicals, as well 
as a number of other chemicals suspected of having potential 
algicidal properties, were tested in lake trials to determine 
their suitability for controlling Cladophora growths. Considera- 
tion was given to the relative toxicity of these chemicals at 
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various concentrations, methods of application, cost, and effect 
on fish and other beneficial organisms at concentrations required 
to kill Cladophora . More recently, a laboratory procedure was 
established for rapid screening of a wide range of chemicals. 

Also, as a temporary means of alleviating nuisance 
problems, preliminary studies were carried out to evaluate 
various mechanical means of removing algae that accumulates on 
shore. These involved an assessment of mechanical methods being 
used by a number of municipalities and property owners' associa- 
tions, the development and testing of new equipment that could 
be used where difficult shoreline conditions exist, and a survey 
of equipment being produced coimnercially for beach cleaning and 
its adaptability to the problem. 

Some preliminary studies, involving analyses to determine 
the chemical composition of Cladophora , were also carried out to 
explore the possible use of the algae as a feed supplement or 
fertilizer. 

ENVIRONZiENTAL FACTORS AFFECTING PRODUCTION OF CLADOPHORA 

Important physical factors affecting production of 
Cladophora are light, temperature, wave and current action and 
type of substratum. Also the availability of important plant 
nutrients is of key importance in determining the distribution 
and production of the algae. 
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Cladophora grows along exposed shorelines in Lake 
Ontario and Lake Erie wherever a firm, stable substratum is 
present. The extent of rocky bottom, therefore, determines the 
potential areas of production. While any type of rocky bottom 
is suitable, the greatest production results where a cobble- 
stone bottom is present. The influence of light on the 
production of Cladophora is affected by patterns of sunshine 
and cloud cover, water depth and turbidity, the latter in turn 
influenced by meteorological conditions and phytoplankton 
production. 

It is known that nitrogen and phosphorous are two key 
nutrients insofar as plant production is concerned, and it is 
certain that increased contributions of these in sewage plant 
and industrial discharges is causing excessive development of 
Cladophora . Analytical work revealed greater concentrations of 
these chemicals near shore in Lake Ontario. However, concentra- 
tions of these nutrients that will support Cladophora are so 
low that existing analytical procedures do not permit correla- 
tions to be established between nutrient concentrations and 
varying production patterns along the lake . 

Fertilization experiments were conducted along remote 
rocky shoreline areas of Lake Huron, devoid of algae growths, 
to determine the relative importance of nitrogen, phosphorous 
and an organic fertilizer in promoting the development of Cladophora 
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Phosphorous was fed continuously for a three-month period at 
one study area, nitrogen at another, a combination of the two 
at a third, and inorganic fertilizer was applied at a fourth 
location. Cladophora developed in the two areas where phos- 
phorous was fed and to a limited extent where organic fertilizer 
was added. No Cladophora developed where only nitrogen was 
applied. This experiment indicated therefore, that phosphorous 
is a more significant limiting factor than nitrogen. It is 
felt that reducing the input of phosphates to the lakes affords 
the most practical means by which lasting environmental control 
can be effected. Analyses have been completed which indicate 
the relative contributions of phosphorous from municipal and 
agricultural sources in the Toronto area but this information 
has not yet been evaluated. Quantities of phosphorous delivered 
to the lakes through effluent streams are now being monitored 
by the Water Quality Surveys Branch. 

Marked variations in the production of Cladophora have 
been noted. To develop an understanding of these fluctuations is 
difficult because of the complex interaction of physical and 
chemical factors in determining ultimate production. Laboratory 
culture of Cladophora under controlled conditions, along with 
continuing field studies, are required to clarify the relative 
importance of these interdependent variables. 
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OBSERVATIONS ON THE DISTRIBUTION AND GROWTH OF CLADOPHORA AND 

SHORE ACCUMULATIONS 

•% 
The growth of Cladophora usually begins during the 

middle of May in Lake Ontario and Lake Erie and continues at a 

rapid rate during May and June. By early July, dense stands of 

algal filaments cover extensive areas of rocky bottom to a depth 

of 13 feet in Lake Erie and to a depth of more than 20 feet in 

Lake Ontario. During strong onshore winds, most of the algae 

growing in depths of less than 10 feet becomes detached and is 

washed ashore. 

From aerial photographic surveys, iw has been estimated 
that growth beds within the 10-foot contour along the Lake 
Ontario shoreline between Toronto and Burlington cover a total 
area of 2,2 92 acres. From similar photographs taken of the Lake 
Erie shoreline between Ft. Erie and Pt. Maitland it has been 
estimated that the area of Cladophora growths, subject to 
removal by wave action, is in excess of 5,000 acres. These 
figures indicate the extent of growths along only a small portion 
of the total shoreline. In Lake Ontario growths of nuisance 
proportions extend from Prince Edward County to Burlington and 
along the south shore at least as far as St. Catharines. 

Nearly one third of the 95 miles of shoreline between 
Toronto and Presqu' ile Point is affected by significant accumu- 
lations of algae with heaviest accumulations occurring at 
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Presqu' ile Point, Cobourg, Port Hope, Oshawa, and Frenchman's 
Bay. Accumulations affect nearly the entire shoreline from 
Toronto to Burlington and from Van Wagner's beach in Hamilton to 
Jordan Harbour. From surveys made along the fifty miles of shore- 
line between Ft. Erie and Pt. Maitland, it was estimated that 25 
miles were affected by algal accumulations. Nearly all of these 
accumulations were in sandy bays, in areas heavily utilized by 
tourists and private cottage owners. In Lake Huron excessive 
growths of Cladophora have not as yet developed over extensive 
areas. However, local growths of Cladophora have appeared at 
Coder ich, Pt. Elgin, and Southampton and in the Thornbury- 
Meaford vicinity of Georgian Bay, apparently in response to 
increased enrichment of the water at these points. A_ Goderich, 
nuisances have recently developed along both public and private 
beaches . 

EXPERIMENTAL CONTROL MEASURES 

Chemical : Since 1957 thirteen chemicals have been 
field tested against Cladophora , Altogether 62 individual field 
tests have been completed on plots ranging in size from one acre 
to fifteen acres. Both liquid and granular algicides have been 
tested and applications have been undertaken both by boat and by 
aircraft. Screening trials have been completed in the laboratory 
for 57 different chemicals, most of these being tested at three 
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different concentrations and for two different exposure periods 
(one and four hours) . All this work has pointed to the fact that 
Hydrothol is the most satisfactory chemical control agent. For 
large-scale applications, granular Hydrothol should be applied 
by aircraft at a rate of 1 ppm of the active ingredient. 
Application by boat, while satisfactory fror.i the control stand- 
point, is not feasible except for small experimental plots. 
Hydrothol costs $55.00 an acre and including application charges, 
the total cost of treatment is approximately $100.00 an acre. 
Although Hydrothol is toxic to fish at sub-application 
concentrations in laboratory tests, no significant mortalities 
of fish have developed during actual field trials. It, would 
not be desirable to use the chemical in the vicinity of municipal 
water intakes because the chemical would produce a detectable 
taste at the concentration employed and because label directions 
indicate that treated water should not be used for human 
consumption. 

MSCKANICAL y^SAXS OF REMOVING ALGAL ACCUMULATIONS 

From a survey of equipment which has been developed 
commercially for the removal of debris from beaches, it was 
concluded c/.at this type of equipment is generally unsuitable 
for handling Cladophora . These machines are not designed for 
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operating in the water nor to handle the type and volume of 

niaterial usually involved. 

ft 
Observations were made in a number of areas on the 

types of equipment being used for algae removal. These methods 
include the use of bulldozers, front-end loaders, mechanical 
rakes and hand-raking. The equipment used most widely and which 
appeared most efficient was the York rake mounted on the rear of 
a tractor. This equipment, however, is restricted to use on 
smooth gravel shores or sand beaches. It was felt that studies 
should be conducted to develop a more versatile and efficient 
system which would be adaptable to all types of shore where 
algae accumulates. Tests were conducted during the summers of 
1963 and 1S64 at Silver Bay on Lake Erie, and Presqu'ile Point, 
Two principle systems were evaluated: Rotary brushes operated 
by a tractor for picking up or piling the algae on the shore 
and high-capacity centrifugal pumps for the removal of accumulated 
algae from shallow water areas. In general the results of these 
tests showed that the rotary brush system was entirelv ineffective, 
The most efficient system tested was the use of a York rake to 
move the algae from shallow warer co the intake of a 6-inch 
centrifugal pump. The algae was pumped on to shore for disposal. 
Using this system, it was demonstrated that 50 cubic yards of 
algae lying along 100 feet of sand and rock shore could be 
rerr.oved in six hours at a cosz of three dollars per cubic yard. 
This removal was 90 per cent effective. 
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UTILIZATION OF CLADOPHORA 

From analyses of thirty samples, it was concluded 
that Cladophora is equivalent to low grade sun cured alfalfa 
meal. A number of processing problems, such as removal of 
sand, would require solution. Experimental animal feeding and 
palatability studies would be necessary to determine its value 
as a feed stock. 

Cladophora is equivalent to peat moss as a soil 
conditioner and is a low grade fertilizer. 
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1967 CLADOPHORA INSPECTIONS 



Inspections were made of the Lake Erie and 
Lake Ontario shorelines during the last two weeks of 
August. Inspections were made by boat and by car and 
where possible observations were supported by enquiries 
from residences and parks personnel. 



CONCLUSIONS 

It would appear that Cladophora growth and 
accumulations created fewer problems this year than in 
the past four or five years, with a few exceptions. Cedar 
Bay on Lake Erie and Port Darlington, Bowmanville, are two 
locations which had offensive and heavy accumulations 
which caused people to submit complaints to the OWRC. 

On Lake Erie the frequency of algae accumulations 
on shore increased from west to east toward the mouth 
of the Niagara River, so that there was almost a continuous 
band from Crystal Beach east. However, even this band 
was considered to be light. 

On Lake Ontario, the odourous accumulations 
were located in the area from Burlington Bay to Jordan 
Harbour but there were many clear areas in between. East 
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from Toronto, there were only two areas in which algae 
created a problem this summer - Port Darlington had a 
very heavy accumulation in late August and park, personnel 
at Cobourg hauled away an accumulation in mid-July. 

In general the much higher water created a 
beneficial effect in lessening the problems caused by 
odourous Cladophora accumulations during 1967 . Much 
less fore-shore was exposed and gentle wave action removed 
many of the algae accumulations that were originally on 
the beaches. Also, the fact that there were fewer prolonged 
violent winds this summer probably accounted for the 
lack, of large accumulations on shore, particularly in Lake 
Ontario. 

LAKE ERIE - August 17, 1967 



1. Dunnville 



2. Rock House Pt. 



S. Platts Bay - 



L&F Park 



odourous, 3* - 4* 
deep on shore 



Algae worse than 
last year, growing 
more, accum. on pt. 
None on beach (swimming) . 
Removed 20 - ^-ton truck 
loads during season. 
Pt. Maitland Fishermen report large 
mass in lake well offshore. Luxuriant 
growth about 12-16" in length as a 
fringe on east shore of Rock House Pt. 
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3. Mohawk Point ^-way down 

east side. 



Heavy black accumulation 10' 
wide for 1000' - in and out of 
water. Rest of shore has light 
fringe 2' wide. 



4. East of Lowbanks 



Small pocket creating odour. 



5. Long Beach Park 



Beach clean through efforts of 
park maintenance crew. One week 
of wind at end of July blew in 
a lot. 



6. GraLbells Point 



Bay on east has 20-foot wide black 
soupy belt, 800' long, 1' deep. 



7. East side of Morgan's 
Point 



Small pocket at west end of Gravel 
Bay - black and soupy. 



8. 



Some dry algae high on shore on 
east side of Morgan's Point. 



9. Rathfon Point 



Healthy green growth on vertical 
side of rocks. 



10. Reebs Bay 



Black accumulation in pocket of 
Bay. 



11. Sugar Loaf Point 



Odourous accumulation across 
length of Bay in a narrow band, 



12. Between Cassaday Point 
and Pine Crest Point 



Light accumulation of green 
Cladophora on beach 4' fringe. 



13. Dr. Lemon - Cedar Bay 



Cedar Bay clean-up operation: 
1961 - First raking June 26 
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1967 - First raking July 3 
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AUGUST 18. 1967 
14. Silver Bay 



15. Shisler Point 



16. Point Abino 



17 . Crystal Beach - west of 
pier 

18. Windmill Point - west 



Heavy accuinulations directly in 
front of Dr. Lemon's place. 

Much narrower foreshore. No 
place to pile accximulated algae. 



Saw Herb Chambers who was hauling 
away accumulations. Silver Bay 
Beach (west end^ had a black 
soupy accumulation 5' - 10' wide. 
Mr. Chsunbers claims that there is 
only about 30% as much this year 
in comparison to last according 
to loads he has hauled away. 

Sherkston Park - Beach clean but 
have hauled away a large amount 
earlier this year. 

East side - frcati Buffalo Yacht Club 
- out around tip of point past 
lighthouse to the west. Several 
heavy pockets of acciimulations - 
very odourous . 

heavy deposit of black soupy 
decomposed algae. 

Heavy accumulation in small pocket 
at end of sand beach. 
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19. Bertie Twp. W.T. Plant No algae has blocked their screens 

this year. Less accumulated on shore. 

20 . Fort Erie Seme green and some dry algae on 

breakwall near Water Pumping Station. 
Accumulation west of Fort property. 



AUGUST 15, 1967 
LAKE ONTARIO 

1. Extensive growth covering 100% of bottom - 8" to 12" long 
between Oakvile to Port Credit Hydro Plant. 

2. From Hydro Plant east to Hxiiaber, there was less 'growth' . 
Very little of this was on shore. A small amount of algae 
was high and dry on the shore and had been there for 

some time. 

3. East of the Humber River behind the breakwall - there were 
rooted aquatics with plumes of Cladophora interwoven in 
dense growths, 

AUGUST 16. 1967 

4. Oakville to Haunilton Beaches. Heavy growths of Cladophora 
10 - 15" long. Few accumulations on the shore. Some dry 
Cladophora on shore. 

5. Coronation Park - Bronte - some loose algae in the shallow 
water 100% growth on the point but not too long, 4 to 6 inches, 

6. The only large shore accumulation was at a swimming beach 
just north of the Burlington Bay canal on the lake side. 
It was the first amount blown in this year according to 
lifeguards. 

7. From Burlington Canal south and east, there were small 
accumulations in the lee of rock piles which act as breakwalls. 
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8. Between Stoney Creek and Jordan Harbour, there were small 
heavy pockets of algae which were odourous - usually 
caught on docks and rock projections. 

9. Grimsby Water Treatment Plant. A small pocket against 
pier was quite odourous but the operator said that they 
have not had too much piled on shore this year, and, that 
which has come in has been quickly washed back out due 

to high water. 

AUGUST 30. 1967 

CENTRAL LAKE ONTARIO CONSERVATION AUTHORITY, 14 Frank St., 
Bowmanville, Ontario - Tel. 623 3788 

10. No algae at base of Scarborough Bluffs. 

11. Marina operator who has been making observations for 10 years 
near Highland Creek S.T.P. stated that due to high water 
(about 2* higher) that no algae has come in yet. 

12. There was a very light fringe of dried algae at the end of 
Port Union Road, 

13. Rosebank Station clean. 

14. JFairport Beach clean. 

15. Frenchman's Bay beach - clean. 

16. Squires Beach - ok. 

17. Point at foot of Harewood Avenue, Ajax - west of Filtration 
Plant, first noted heavy accumulation, fresh and green. 

18. Pickering Beach Road - no algae. 

19. Whitby Harbour - west - very little algae - light fringe 
on rocks. 
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20. Whitby Harbour - east - no algae - some dry material high 
on beach. 

21. Oshawa Pumping Station - no algae. 

22. Darlington Provincial Park - very light fringe of algae - 
small pocket of soupy algae at east end of swimming beach. 
Superintendent thinks there is the same amount or less 
algae than last year. 

23. Port Darlington, Bowmanville - heavy acctimulation in 
Harbour mouth - none on shore, east of harbour 20' wide - 
200* long. 

24. Bondhead, Newcastle - small pocket of accumulation - 10' wide, 
500' long 

25. Newtonville - Port Grandby - no algae. 

26. Port Britain - small accumulation on rocks. 

27. Port Hope - small strip at east end of swimming area, west 
of harbour. 

28. Cobourg - west - light wide fringe along entire shore. 

29. " beach - Parks Department - removed a heavy 
quantity early in July - less than in other years - beach 
clean since then. 

30. Chub Point, Grafton ~ several very light fringes strung 
along beach. 

31. Colborne - lake front - a light fringe of green along shore 
2* wide. 

32. Presqu' ile - west beach - heavy fringe 10* wide, 2" deep 
along entire beach. 
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33. Very heavy accumulation on shore area between island 
channel and south shore. 

34. According to park attendants, they have been able to 
keep ahead of any accumulations this year. Only small 
quantities have come in. They also claim there is far 
less blown up onto the island' s beachethis year in 
comparison to last year when the entire island shoreline 
was caked with a heavy brown mat of dried algae. 

35. Bowmanville - Stopped in at Central Ontario Conservation 
Authority. Sample submitted by them came from west 
beach at Port Darlington where 3 weeks ago a continuous 
heavy fringe was on shore. 



EVALUATION 

A light fringe is defined as any aunount which shows a 
green coloured broken or continuous line along the shore, up 
t^o a band which may be a foot wide but less than one inch deep. 

Light accumulations may be anything from 1" deep to 3" deep 
and up to 5* wide but not odourous. 

Heavy accumulations are bands of algae over 5" deep and 
greater than 5* in width usually creating an odour. 

Algae - The word algae and Cladophora are synonymous in 
these notes. 
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